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SECTION | 
GENERAL INFORMATION 


1-1 DESCRIPTION 


1-2 This power supply, see cover, is completely 
transistorized and suitable for either bench or relay 
Tack operation. It is a well-regulated, Constant 
Voltage/Constant Current supply that will furnish 
full rated output voltage at the maximum rated out- 
put current or can be continuously adjusted through- 
out the output range. The front panel CURRENT 
control can be used to establish the output current 
limit (overload or short circuit) when the supply is 
used as a constant voltage source and the VOLTAGE 
controls can be used to establish the voltage limit 
(ceiling) when the supply is used as a constant cur- 
rent source. The supply will automatically cross- 
over from constant voltage to constant current oper- 
ation and vice versa if the output current or voltage 
exceeds these preset limits. 


1-3 The power supply contains an added feature 
for protection of delicate loads. A limit can be set 
on the output voltage. If this limit is exceeded the 
output will automatically be shorted. 


1-4 The power supply has both front and rear ter- 
minals. Either the positive or negative output ter- 
minal may be grounded or the power supply can be 
operated floating at up to a maximum of 300 Volts 
off ground. 


1-5 Output voltage and current are continuously 
monitored on the two front panel meters. 


1-6 Terminals located at the rear of the unit allow 
access to various control points within the unit to 
expand the operating capabilities of the power sup- 
ply. A brief description of these capabilities is 
given below: 

a. Remote Programming. The power supply 
output voltage or current may be programmed (con- 
trolled) from a remote location by means of an ex- 
ternal voltage source or resistance. 

b. Remote Sensing. The degradation in regu- 
lation which occurs at the load because of the volt- 
age drop in the load leads can be reduced by using 
the power supply in the remote sensing mode of 
operation. 

c. Series and Auto-Series Operation. Power 
supplies may be used in series when a higher out- 
put voltage is required in the constant voltage mode 
of operation or when greater voltage compliance is 
required in the constant current mode of operation. 
Auto-Series operation permits one knob control of 


the total output voltage from a "master" supply. 

d. Parallel:and Auto-Parallel Operation. The 
power supply may be operated in parallel with a 
similar unit when greater output current capability 
is required. Auto-Parallel operation permits one 
knob control of the total output current from a 
"master" supply. 

e. Auto-Tracking. The power supply may be 
used as a "master" supply, having control over one 
(or more) "slave" supplies that furnish various volt- 
ages for a system. 


1-7 SPECIFICATIONS 


1-8 Detailed specifications for the power supply 
are given in Table 1-1. 


1-9 OPTIONS 


1-10 Options are factory modifications of a stand- 
ard instrument that are requested by the customer. 
The following options are available for the instru- 
ment covered by this manual. Where necessary, 
detailed coverage of the options is included through- 
out the manual. 


Option No. Description 
0S S0Hz Regulator Realignment: Standard 


instruments will operate satisfactorily 
at both 60 and S0Hz without adjustment. 
However, Option 05 factory realignment 
results in more efficient operation at 
SOHz, and is recommended for all ap- 
plications when continuous operation 
from a 50Hz ac input is intended. Two 
resistors are needed. 


07 Ten-Turn Output Voltage Control: A 


single control that replaces both coarse 
and fine voltage controls and improves 
output settability. One pot is required. 


08 Ten-Turn Output Current Control: A 


single control that replaces both coarse 
and fine current controls and improves 
settability. One pot is required. 


09 Ten-Turn Output Voltage and Current 


Control: Options 07 and 08 on same 
instrument. 


10 Chassis Slides: Enables convenient 
access to power supply interior for 
maintenance purposes. 


Option No. Description 
13 Three Digit Graduated Decadial Volt- 


age Control: Control that replaces 
coarse and fine voltage controls per- 
mitting accurate resettability. 


Three Digit Graduated Decadial Cur- 


rent Control: Control that replaces 
coarse and fine current controls per- 
mitting accurate resettability. 


Rewire for 208Vac Input: Consists of 
reconnecting the input transformers for 


208 Volt operation and changing the 
fuses. 


14 


27 


28 Rewire for 230Vac Input: Consists of 
reconnecting the input transformers for 
230 Volt operation and changing the 


fuses. 


1-11 INSTRUMENT/MANUAL IDENTIFICATION 
1-12 Hewlett-Packard power supplies are identi- 


fied by a three-part serial number tag. The first 
part is the power supply model number. The second 


part is the serial number prefix, which consists of 
a number-letter combination that denotes the date 
of a significant design change. The number desig- 
nates the year, and the letter A through M desig- 
nates the month, January through December, re- 
spectively, with "I" omitted. The third part is the 
power supply serial number; a different sequential 
number is assigned to each power supply. 


1-13 If the serial number on your instrument does 
not agree with those on the title page of the manual, 
Change Sheets supplied with the manual or Manual 
Backdating Changes in Appendix A define the dif- 
ferences between your instrument and the instru- 
ment described by this manual. 


1-14 ORDERING ADDITIONAL MANUALS 


1-15 One manual is shipped with each power sup- 
ply. Additional manuals may be purchased from 
your local Hewlett-Packard field office (see list.at 
rear of this manual for addresses). Specify the 
model number, serial number prefix, and @ part 
number provided on the title page. 


Table 1-1, 


INPUT: 
115Vac +10%, single phase, 57-63Hz, 8A 
S50W @ 115V. 


OUTPUT: 
0-40 Volts @ 0-10 Amperes. 


LOAD REGULATION: 

Constant Voltage -Less than 0.01% plus 200pnV 
for a load current change equal to the current 
rating of the supply. 

Constant Current -Less than 0.02% plus 500uA 
for a load voltage change equal to the voltage 
rating of the supply. 


LINE REGULATION: 

Constant Voltage - Less than 0.01% plus 200nV 
for a change in line voltage from 103.5 to 126.5 
at any output voltage and current within rating. 

Constant Current- Less than 0.02% plus S00pA 
for a line voltage change from 103.5 to 126.5 at 
@ny output voltage and current within rating. 


RIPPLE AND NOISE: 

Constant Voltage-Less than 200uVrms, 10mV 
p-p (de to 20MHz). 

Constant Current-Less than 3mArms. 


TEMPERATURE RANGES: 
Operating: 0 to 55°C. Storage: -40 to +75°C. 


TEMPERATURE COEFFICIENT: 

Constant Voltage -Less than 0.01% plus 200yV 
change per degree centigrade change in ambient 
following 30 minutes warm-up. 

Constant Current -Less than 0.01% plus lmA 
change per degree centigrade change in ambient 
following 30 minutes warm-up. 


STABILITY: 

Constant Voltage -Less than 0.03% plus 500yV 
total drift for 8 hours following 30 minutes warm- 
up under constant ambient conditions. 

Constant Current - Less than 0.03% plus 3mA 
total drift for 8 hours following 30 minutes warm- 
up under constant ambient conditions. 


OUTPUT IMPEDANCE: 
0.1 milliohm in series with 1 phenry. 


RADIO FREQUENCY INTERFERENCE: 

Free from conducted and radiated RFI to the ex- 
tent that the unit meets all the requirements of 
MIL-I-6181D. 


Specifications 


TRANSIENT RECOVERY TIME: 

Less than SOusec is required for output voltage 
recovery (in constant voltage operation) to within 
10mV of the nominal output voltage following a 
S Ampere change in output current. 


METERS: 
Front panel voltmeter (0-SOV) and ammeter 
(0-12A) are provided. (Accurate within 2%.) 


OUTPUT CONTROLS: 
Single-turn coarse and fine voltage and current 
controls are included on the front panel. 


OUTPUT TERMINALS: 

An output terminal strip is located on the rear 
of the chassis. All power supply terminals are 
isolated from the chassis and either the positive 
or negative terminal may be connected to the 
chassis through a separate ground terminal located 
adjacent to the output terminals. Front panel, 
banana jack type, output terminals are included 
and are limited to 3 Amperes maximum current 
output. 


REMOTE VOLTAGE PROGRAMMING: 
Constant Voltage -1V/Volt (Accuracy: 1%). 


Constant Current-50mV/Amp (Accuracy: 10%). 


REMOTE RESISTANCE PROGRAMMING: 

Constant Voltage - 200 ohms/Volt. All program- 
ming terminals on rear barrier strips. 

Constant Current- 100 ohms/Ampere. All pro- 
gramming terminals on rear barrier strips. 


OVERVOLTAGE PROTECTION "CROWBAR": 

The minimum crowbar trip setting above the de- 
sired operating output voltage to prevent false 
crowbar tripping is 7% of output voltage setting 
plus 1 Volt. Range is 2.5 to 45Vdc. 


COOLING: 
Convection cooling is employed. The supply 
has no moving parts. 


SIZE: 

54" (14cm) H x 174" (44,4cm) D x 19" (48,3cm) W. 
The unit can be mounted in a standard 19" rack 
panel. 


WEIGHT: 
42 lbs. (19,1kg.) net. 571bs. (25,9kg.) shipping. 


FINISH: Light gray panel with dark gray case. 


SECTION Il 
INSTALLATION 


2-1 INITIAL INSPECTION 


2-2 Before shipment, this instrument was inspec- 
ted and found to be free of mechanical and electri- 
cal defects. As soon as the instrument is unpacked, 
inspect for any damage that may have occurred in 
transit. Save all packing materials until the in- 
spection is completed. If damage is found, file a 
claim with the carrier immediately. Hewlett- 
Packard Sales and Service office should be 

notified, 

2-3 MECHANICAL CHECK 


2-4 This check should confirm that there are no 
broken knobs or connectors, that the cabinet and 
panel surfaces are free of dents and scratches, and 
that the meter is not scratched or cracked. 


2-S ELECTRICAL CHECK 


2-6 The instrument should be checked against its 
electrical specifications. Section V includes an 
"in-cabinet" performance check to verify proper in- 
strument operation. 


2-7 INSTALLATION DATA 


2-8 The instrument is shipped ready for bench 
operation. It is necessary only to connect the in- 
strument to a source of power and it is ready for 
operation. 


2-9 LOCATION 


2-10 This instrument is air cooled. Sufficient 
space should be allotted so that a free flow of 
cooling air can reach the rear of the instrument 
when it is in operation. It should be used in an 
area where the ambient temperature does not ex- 
ceed 559C. 


2-11 OUTLINE DIAGRAM 


2-12 Figure 2-1 illustrates the outline shape and 
dimensions of Models 6256B, 6264B, and 6267B. 


2-13 RACK MOUNTING 
2-14 This instrument is full rack size and can be 


easily rack mounted in a conventional 19 inch rack 
panel using standard mounting screws. 


PERFORATED AREA 


(48 3cm) 
————16 75 —— 


Figure 2-1, Outline Diagram 


2-15 INPUT POWER REQUIREMENTS 

2-16 This power supply may be operated continu- 
ously from either a nominal 115 Volt, 208 Volt, or 
230 Volt 57-63Hz power source. Theunit as shipped 
from the factory is wired for 115 Volt operation. 

The input power required when operated from a 115 
Volt power source at full load is; 


Model Input Current Input Power 
6256B SA 375W 
6264B 8A 600W 
6267B 8A 550W 


2-17 CONNECTIONS FOR 208 VOLT OPERATION 
(Figure 2-2B) 


2-18 Normally, the primary windings of the input 
transformers Tl and T2 are connected in parallel for 
operation from a 115V source. To convert the power 
supply to operation from a 208 Volt source, the in- 
put transformers Tl and T2 are connected in series 
as follows; 

a. Unplug line cord and remove top cover. 

b. Remove jumpers between taps 1 and 3, 2 
and S. Solder jumpers between taps 2 and 3 (see 
Figure 2-2B). 


c. Disconnect input lead to tap 5 and con- 
nect it, instead, to tap 4. 

d. Replace fuses Fl and F2 with 3A, 230V 
fuses. 


2-19 CONNECTIONS FOR 230 VOLT OPERATION 
(Figure 2-2C) 


2-20 To convert the power supply to operation from 
a 230 Volt source, the input transformers windings 
are connected in series as follows: 

a. Unplug the line cord and remove the top 
covers. 

b. Remove the jumpers between taps 1 and 3, 
2 and 5. Solder a jumper between taps 3 and 2 on 
the input power transformers Tl and T2, see Figure 
2-2C. 

c. Replace existing fuse with a 3 Ampere, 
230 Volt fuse. 


2-21 CONNECTIONS FOR 50HZ OPERATION 


2-22 For 50Hz operation R76 must be replaced with 
a 150Ka resistor as specified in Table 6-4 under 
Option 05. R78 must also be replaced with a 270n 
resistor. After these replacements it may be neces- 
Sary to adjust R75 in order to get the proper voltage 
drop across the series regulator. Ripple imbalance 
should be checked and corrected as described in 
Paragraph 5-82, 


2-23 POWER CABLE 


2-24 To protect operating personnel, the National 
Electrical Manufacturers Association (NEMA) recom- 
mends that the instrument panel and cabinet be 
grounded. This instrument is equipped with a three 
conductor power cable. The third conductor is the 
ground conductor and when the cable is plugged 
into an appropriate receptacle, the instrument is 
grounded. The offset pin on the power cable three- 
prong connector is the ground connection. 


2-25 To preserve the protection feature when oper- 
ating the instrument from a two-contact outlet, use 


a three-prong to two-prong adapter and connect the 
green lead on the adapter to ground. 


2-26 REPACKAGING FOR SHIPMENT 


2-27 To insure safe shipment of the instrument, it 


A 
TRANSFORMER PRIMARY 
CONNECTIONS FOR 
115 VOLT OPERATION 


B 
TRANSFORMER PRIMARY 
CONNECTIONS FOR 
208 VOLT OPERATION 


c 
TRANSFORMER PRIMARY 
CONNECTIONS FOR 
230 VOLT OPERATION. 


Figure 2-2. Primary Connections for 208Vac 


and 230Vac Operation 


is recommended that the package designed for the 
instrument be used. The original packaging mate- 
rial is reusable. If it is not available, contact 
your local Hewlett-Packard field office to obtain 
the materials. This office will also furnish the ad- 
dress of the nearest service office to which the in- 
strument can be shipped. Be sure to attach a tag 
to the instrument which specifies the owner, model 
number, full serial number, and service required, 
or a brief description of the trouble. 


SECTION III 
OPERATING INSTRUCTIONS 


Figure 3-1. 


3-1 TURN-ON CHECKOUT PROCEDURE 


3-2 The following checkout procedure describes 
the use of the front panel controls and indicators 
and ensures that the supply is operational, 

a. Set ON/off switch (1) to ON, and ob- 
serve that pilot lamp (2) lights. 

b. Adjust VOLTAGE controls (3) until de- 
sired voltage is indicated on voltmeter (4). 

c. To ensure that overvoltage "crowbar" 
circuit is operational, rotate OVERVOLTAGE ADJUST 
control (5) (screwdriver adjust) counterclockwise 
until unit "crowbars". Overvoltage lamp (6) will 
light and output voltage will fall to zero Volts. 

d. To deactivate "crowbar", return OVER- 
VOLTAGE ADJUST control to its maximum clockwise 
position and turn off supply. Turn supply back on 
and voltage should again be value obtained in 
step b. 

e, To check out constant current circuit, 
turn off supply. Short circuit rear output terminals 
and turn on supply, 

f. Adjust CURRENT controls (7) until de- 
sired output current is indicated on ammeter (8). 

g. Remove short and read following para- 
graphs before connecting actual load to supply. 


3-1 


Front Panel Controls and Indicators 


3-3 OPERATING MODES 


3-4 The power supply is designed so that its 
mode of operation can be selected by making 
strapping connections between particular terminals 
on the terminal strip at the rear of the power sup- 
ply. The terminal designations are stenciled in 
white on the power supply above their respective 
terminals, The following paragraphs describe the 
procedures for utilizing the various operational 
capabilities of the power supply, A more theoret- 
ical description concerning the operational features 
of this supply is contained in Application Note 90, 
Power Supply Handbook; available at no charge 
from your local Hewlett-Packard sales office, 
Sales office addresses appear at the rear of the 
manual, 


3-5 NORMAL OPERATING MODE 


3-6 The power supply is normally shipped with 
its rear terminal strapping connections arranged 
for Constant Voltage/Constant Current, local 
sensing, local programming, single unit mode of 
operation, This strapping pattern is illustrated in 
Figure 3-2, The operator selects either a constant 


Ai_ A2 A3 +S A4 AS AG AT - 


algleleieleialelel 


Figure 3-2, Normal Strapping Pattern 


voltage or a constant current output using the front 
panel controls (local programming, no strapping 
changes are necessary). 
3-7 CONSTANT VOLTAGE 
3-8 To select a constant voltage output, proceed 
as follows: 

a. Turn-on power supply and adjust VOLT- 
AGE control for desired output voltage (output ter- 
minals open). 

b. Short output terminals and adjust CUR- 
RENT controls for maximum output current allow- 
able (current limit), as determined by load condi- 
tions. If a load change causes the current limit to 
be exceeded, the power supply will automatically 
crossover to constant current output at the preset 
current limit and the output voltage will drop pro- 
portionately. In setting the current limit, allow- 
ance must be made for high peak current which can 
cause unwanted cross-over. (Refer to Paragraph 
3-56.) 
3-9 CONSTANT CURRENT 
3-10 To select a constant current output, proceed 
as follows: 

a. Short output terminals and adjust CUR- 
RENT controls for desired output current, 

b. Open output terminals and adjust VOLT- 
AGE controls for maximum output voltage allowable 
(voltage limit), as determined by load conditions. 
If a load change causes the voltage limit to be ex- 
ceeded, the power supply will automatically cross- 
over to constant voltage output at the preset volt- 
age limit and the output current will drop propor- 
tionately, In setting the voltage limit, allowance 
must be made for high peak voltages which can 
cause unwanted crossover. (Refer to Paragraph 3-59.) 


3-11 OVERVOLTAGE TRIP POINT ADJUSTMENT 


3-12 The crowbar trip voltage can be adjusted by 
using the screwdriver control on the front panel. 


rm 


The trip voltage range is as follows: 
6256B 6264B 6267B 

2to l2Vdc 2.5 to 23Vde 2.5 to 45Vdc 
When the crowbar trips, the output is shorted and 
the amber indicator on the front panel lights. 
Clockwise rotation of the control produces higher 
trip voltages. The factory sets the control fully 
clockwise. 


3-13 False crowbar tripping must be considered 
when adjusting the trip point. If the trip voltage 
is adjusted too close to the operating output volt- 
age of the supply, a transient in the output will 
falsely trip the crowbar, It is recommended that 
the crowbar be set higher than the output voltage by 
7% of the output voltage plus one Volt. (Refer to 
Paragraph 5-86.) 


3-14 CONNECTING LOAD 


3-15 Each load should be connected to the power 
supply output terminals using separate pairs of 
connecting wires, This will minimize mutual 
coupling effects between loads and will retain full 
advantage of the low output impedance of the power 
supply. Each pair of connecting wires should be 
as short as possible and twisted or shielded to re- 
duce noise pickup. (If shield is used, connect one 
end to ground and leave the otherend unconnected.) 


3-16 If load considerations require that the output 
power distribution terminals be remotely located 
from the power supply, then the power supply out- 
put terminals should be connected to the remote 
distribution terminals via a pair of twisted or 
shielded wires and each load separately connected 
to the remote distribution terminals. For this case, 
remote sensing should be used (Paragraph 3-38). 


3-17 Positive or negative voltages can be obtained 
from this supply by grounding either one of the out- 
put terminals or one end of the load. Always run 
both leads to the load, regardless of where the set- 
up is grounded. This will eliminate any possibility 
of output current return paths through the power 
source ground which would damage the line cord 
plug. This supply can also be operated up to 300V 


dc off ground, if neither output terminal is grounded. 


3-18 OPERATION OF SUPPLY BEYOND RATED OUTPUT 


3-19 The shaded area on the front panel meter face 
indicates the amount of output voltage or current 
that is available in excess of the normal rated out- 
put. Although the supply can be operated in this 
shaded region without being damaged, it cannot be 
guaranteed to meet all of its performance specifi- 
cations. However, if the line voltage is maintain- 
ed above its nominal value, the supply will prob- 
ably operate within specifications, 


3-20 FRONT PANEL OUTPUT TERMINALS 


3-21 The output posts on the front panel cannot 
be used in any application where the output cur- 
rent might exceed 3 Amperes. Current in excess 
of this value will damage the connecting wires in- 
side the supply, 


3-22 OPTIONAL OPERATING MODES 
3-23 REMOTE PROGRAMMING, CONSTANT VOLTAGE 


3-24 The constant voltage output of the power sup- 
ply can be programmed (controlled) from a remote 
location if required, Either a resistance or voltage 
source can be used for the programming device. 

The wires connecting the programming terminals of 
the supply to the remote programming device should 
be twisted or shielded to reduce noise pickup. The 
VOLTAGE controls on the front panel are disabled in 
the following procedures. 


3-25 Resistance Programming (Figure 3-3), In this 
mode, the output voltage will vary at a rate deter- 
mined by the programming coefficient (200 ohms per 
Volt). The output voltage will increase 1 Volt for 
each 200 ohms added in series with the program- 
ming terminals. The programming coefficient is 
determined by the programming current, This cur- 
rent is factory adjusted to within 1% of 5mA, If 
greater programming accuracy is required, it may 
be achieved by changing resistor R13 as discussed 
in Paragraph 5-76, 


Al_ A2 A3_ +S A4 AS AG A7-S 


PROGRAMMING 
RESISTOR 


AB(+ + GND - — 
Rt 


Remote Resistance Programming 
(Constant Voltage) 


Figure 3-3. 


3-26 The output voltage of the power supply should 
be zero +10 millivolts when zero ohms is connected 
across the programming terminals. If a zero ohm 
voltage closer than this is required, it may be 
achieved by changing resistor R6 or R8 as described 
in Paragraph 5-75, 


3-27 To maintain the stability and temperature co- 
efficient of the power supply, use programming re- 
sistors that have stable, low noise, and low temp- 
erature (less than 30ppm per degree Centigrade) 
characteristics. A switch can be used in conjunc- 
tion with various resistance values in order to ob- 
tain discrete output voltages. The switch should 
have make-before-break contacts to avoid momen- 
tarily opening the programming terminals during the 
switching interval, 
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Figure 3-4, 


3-28 Voltage Programming (Figure 3-4), Employ 
the strapping pattern shown on Figure 3-4 for volt- 
age programming, In this mode, the output voltage 
will vary in a 1 to 1 ratio with the programming 
voltage (reference voltage) and the load on the pro- 
gramming voltage source will not exceed 20 micro- 
amperes, Impedance matching resistor (Rx) is re- 
quired to maintain the temperature coefficient and 
stability specifications of the supply. 


3-29 Methods of voltage programming with gain 
are discussed in Application Note 90, Power Supply 
Handbook; available at no charge from your local 
Hewlett-Packard sales office, 


3-30 REMOTE PROGRAMMING, CONSTANT CURRENT 


3-31 Either a resistance or a voltage source can be 
used to control the constant current output of the 
supply. The CURRENT controls on the front panel 
are disabled according to the following procedures. 


3-32 Resistance Programming (Figure 3-5). In this 


mode, the output current varies at a rate determined 
by the programming coefficient as follows: 


Model Programming Coefficient 
6256B 10 ohms/Amp 
6264B 10 ohms/Amp 
6267B 100 ohms/Amp 
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Figure 3-5, 


The programming coefficient is determined by the 
Constant Current programming current which is ad- 
justed to within 10% of 2.5mA at the factory. If 
greater programming accuracy is required, it may 
be achieved by changing resistor R19 as outlined 
in Paragraph 5-79, 


3-33 Use stable, low noise, low temperature coef- 
ficient (less than 30ppm/°C) programming resistors 
to maintain the power supply temperature coeffi- 
cient and stability specifications. A switch may 
be used to set discrete values of output current. A 
make-before-break type of switch should be used 
since the output current will exceed the maximum 
rating of the power supply if the switch contacts 
open during the switching interval. 


—— CAUTION 


If the programming terminals (A4 and 

A6) should open at any time during this 
mode, the output current will rise toa 
value that may damage the power sup- 
ply and/or the load, To avoid this 
possibility, connect a 200 ohm resistor 
for 6256B and 6264B, and a 1K ohm resis- 
tor for 6267B across the programming ter- 
minals. Like the programming resistor, 
this resistor should be of the low noise, 
low temperature coefficient type. 


3-34 Voltage Programming (Figure 3-6). In this 


mode, the output current will vary linearly with 
changes in the programming voltage. The program- 
ming voltage should not exceed 0.7 Volts. Volt- 
age in excess of 0.7 Volts will result in excessive 
power dissipation in the instrument and possible 
damage. 

3-35 The output current varies at a rate determined 
by the programming coefficient as follows: 


Model Programming Coefficient 
6256B 25mV/Amp 


Model Programming Coefficient 
6264B 25mV/Amp 
6267B 50mV/Amp 


The current required from the voltage source will be 
less than 20HA. Impedance matching resistor Rx is 
required to maintain the temperature coefficient and 
stability specifications of the supply. 
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3-36 Methods used to voltage program a power 
supply with gain are discussed in Application 
Note 90, Power Supply Handbook; available at no 
charge from your local # Sales Office. 


Al A2 A3 +S A4 A5 AG A7 —-S 


a [\ 
an a ae a 


Figure 3-7. 


Remote Sensing 


3-37 REMOTE SENSING (See Figure 3-7) 


3-38 Remote sensing is used to maintain good 
regulation at the load and reduce the degradation 
of regulation which would occur due to the voltage 
drop in the leads between the power supply and 
the load, Remote sensing is accomplished by 
utilizing the strapping pattern shown in Figure 3-7. 
The power supply should be turned off before 
changing strapping patterns. The leads from the 


sensing (+S) terminals to the load will carry much 
less current than the load leads and it is not re- 
quired that these leads be as heavy as the load 
leads. However, they must be twisted or shield- 
ed to minimize noise pickup. 


3-39 Note that it is desirable to minimize the 
drop in the load leads and it is recommended that 
the drop not exceed 1 Volt per lead if the power 
supply is to meet its dc specifications. If a larger 
drop must be tolerated, please consult a #p sales 
engineer, 


NOTE 


Due to the voltage drop in the load 
leads, it may be necessary to read- 
just the current limit in the remote 
sensing mode, 


3-40 The procedure just described will result ina 
low dc output impedance at the load, If a low ac 
impedance is required, it is recommended that the 
following precautions be taken: 

a. Disconnect output capacitor C20. 

b. Connect a capacitor having similar char- 
acteristics (approximately same capacitance, same 
voltage rating or greater, and having good high fre- 
quency characteristics) across the load using short 
leads, 


3-41 Although the strapping patterns shown in 
Figures 3-3 through 3-6 employ local sensing, note 
that it is possible to operate a power supply simul- 
taneously in the remote sensing and Constant Volt- 
age/Constant Current remote programming modes. 


3-42 AUTO-PARALLEL OPERATION (Figure 3-8) 


3-43 Two or more power supplies can be connected 
in an Auto-Parallel arrangement to obtain an output 
current greater than that available from one supply. 
Auto-Parallel operation permits equal current shar- 
ing under all load conditions, and allows complete 
control of the output current from one master power 
supply. The output current of each slave will be 
approximately equal to the master's regardless of 
the load conditions. Because the output current 
controls of each slave are operative, they should 
be set to maximum to avoid having the slave revert 
to constant current operation; this would occur if 
the master output current setting exceeded the 
slave's, 


3-44 Additional slave supplies may be added in 
parallel to the Master/Slave combination, All the 
connections between the Master and Slave #1 are 
duplicated between Slave #1 and the added Slave 
supply. In addition, the strapping pattern of the 
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Figure 3-8. Auto-Parallel Operation, Two Units 


added Slave should be the same as Slave #1. 


3-45 Overvoltage protection is controlled by the 
crowbar circuit in the master supply which monitors 
the voltage across the load and fires the SCR's in 
both units if an overvoltage condition occurs, The 
firing pulses are fed to the slave supply from T4, 
winding 5-6 of the Master. The overvoltage trip 
point is adjusted on the master supply. The over- 
voltage adjust potentiometer on the slave supply 
should be set to maximum (CW) so that the Master 
crowbar will control the Slave. 


3-46 AUTO-SERIES OPERATION (Figure 3-9) 


3-47 Two or more power supplies can be operated 
in Auto-Series to obtain a higher voltage than that 
available from a single supply. When this connec- 
tion is used, the output voltage of each slave sup- 
ply varies in accordance with that of the master 
supply. At maximum output voltage, the voltage of 
the slaves is determined by the setting of the front 
panel VOLTAGE control on the master, The master 
supply must be the most positive supply of the 
series. The output CURRENT controls of all series 
units are operative and the current limit is equal to 
the lowest control setting. If any output CURRENT 
controls are set too low, automatic crossover to 
constant current operation will occur and the out- 
put voltage will drop, Remote sensing and program- 
ming can be used; however, the strapping arrange~ 
ments shown in Figure 3-9 show local sensing and 
programming, 
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3-48 In order to maintain the temperature coeffi- 
cient and stability specifications of the power 
supply, the external resistors (Ry) shown in Figure 


3-9 should be stable, low noise, low temperature 
coefficient (less than 30ppm per degree Centigrade) 
resistors, The value of each resistor is depend- 
ent on the maximum voltage rating of the "master" 
supply, The value of Rx is this voltage divided by 
the voltage programming current of the slave sup- 
ply (1/Kp where Kp is the voltage programming co- 
efficient), The voltage contribution of the slave 

is determined by its voltage control setting. 


3-49 Overvoltage protection is provided in Auto- 
Series operation. The overvoltage potentiometer 
in each supply is adjusted so that it trips at a 
point slightly above the output voltage that it will 
contribute, 


3-50 AUTO-TRACKING OPERATION (Figure 3-10) 


3-51 The Auto-Tracking configuration is used 
when it is necessary that several different voltages 
referred to a common bus, vary in proportion to 

the setting of a particular instrument (the control 
or master), A fraction of the master's Output volt- 
age is fed to the comparison amplifier of the slave 
supply, thus controlling the slave's output. The 
master must have the largest output voltage of any 
power supply in the group (must be the most posi- 
tive supply in the example shown on Figure 3-10), 


3-52 The output voltage of the slave isa percent- 
age of the master's output voltage, and is deter- 
mined by the voltage divider consisting of Ry and 
the voltage control of the slave supply, Rp where 
Eg = Em(Rp/Rx+Rp). Turn-on and turn-off of the 
power supplies is controlled by the master, Remote 
sensing and programming can be used; although the 
Strapping patterns for these modes show only local 
sensing and programming. In order to maintain the 
temperature coefficient and stability specifications 
of the power supply, the external resistors should 
be stable, low noise, low temperature coefficient 
(less than 30ppm per °C) resistors, 


3-53 The overvoltage protection circuit in each 
unit is operable and independently monitors the 
voltage across its own load, Notice that if the 
master supply crowbars, the output voltage of each 
slave will also decrease, However, the reverse 

is not true, If one of the slave units crowbars, the 
other supplies in the ensemble will not be affected, 


3-54 SPECIAL OPERATING CONSIDERATIONS 
3-55 PULSE LOADING 


3-56 The power supply will automatically cross 
over from constant voltage to constant current Oop- 
eration, or the reverse, in response to an increase 
(over the preset limit) in the Output current or 
voltage, respectively, Although the preset limit 
may be set higher than the average Output current 


Figure 3-10, 
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or voltage, high peak currents or voltages (as oc- 
cur in pulse loading) may exceed the preset limit 
and cause crossover to occur, If this crossover 
limiting is not desired, set the preset limit for the 
peak requirement and not the average. 


3-57 OUTPUT CAPACITANCE 


3-58 An internal capacitor (C20) connected across 
the output terminals of the power supply, helps to 
supply high-current pulses of short duration during 
constant voltage operation, To reduce current 
surges, this capacitor can be removed by unstrap- 
ping terminal A8. 


3-59 The effects of the output capacitor during 
constant current operation are as follows: 

a, The output impedance of the power sup- 
ply decreases with increasing frequency. 

b. The recovery time of the output voltage 
is longer for load resistance changes, 

c. A large surge current causing a high pow- 
er dissipation in the load occurs when the load re- 
sistance is reduced rapidly. 


3-60 REVERSE VOLTAGE LOADING 


3-61 A diode (CR34) is connected across the out- 
put terminals. Under normal operation conditions, 
the diode is reverse biased (anode connected to 
negative terminal). If a reverse voltage is applied 
to the output terminals (positive voltage applied to 
negative terminal), the diode will conduct, shunt- 
ing current across the output terminals and limiting 
the voltage to the forward voltage drop of the 
diode. This diode protects the series transistors 
and the output electrolytic capacitors. 


3-62 REVERSE CURRENT LOADING 


3-63 Active loads connected to the power supply 
may actually deliver a reverse current to the pow- 
er supply during a portion of its operating cycle, 
An external source cannot be allowed to pump 
current into the supply without loss of regulation 
and possible damage to the output capacitor. To 
avoid these effects, it is necessary to preload the 
supply with a dummy load resistor so that the 
power supply delivers current through the entire 
operation cycle of the load device, 


SECTION IV 
REPLACEABLE PARTS 


REFERENCE 
SUPPLY 


PROTECTION 


CONSTANT 
CURRENT 
COMPARATOR 


SHORT- 


CIRCUIT CURRENT 


CONTROLS & 


R54 
CURRENT 
SAMPLING 
RESISTOR 


R & 


MIXE! 
DRIVER ERROR AMPL 


PREREG- 
ULATOR 

CONTROL 

CIRCUIT 


NOTE 


CONSTANT 
VOLTAGE 


COMPARATOR CROWBAR 


TURN-ON 
CONTROL 
CIRCUIT 
VOLTAGE 
CONTROLS 


a DENOTES CONSTANT VOLTAGE FEEDBACK PATH 
oe _ DENOTES CONSTANT CURRENT FEEDBACK PATH 


Figure 4-1. 


4-1 OVERALL BLOCK DIAGRAM DISCUSSION 

4-2 The major circuits of the power supply are 
shown on the overall block diagram of Figure 4-1. 
The ac input voltage is first applied to the preregu- 
lator Triac which operates in conjunction with the 
preregulator control circuit to form a feedback loop. 
This preregulator feedback loop minimizes the pow- 
er dissipated by the series regulator by keeping the 
voltage drop across the regulator at a low and con- 
stant level. 


4-3 To accomplish this, the preregulator control 
circuit issues a phase adjusted firing pulse to the 
Triac once during each half cycle of the input ac. 
The control circuit continuously samples the output 
voltage, the input line voltage (from T2), and the 


Overall Block Diagram 


voltage across the series regulator and, on the 
basis of these inputs, determines at what time 
each firing pulse is generated. 


4-4 In Model 6256B, a single triac is used as the 
preregulator, while in Models 6264B and 62678, two 
SCR's, connected in parallel, serve as the preregu- 
lator. The differences between these two devices 
are described in Paragraph 4-19. 


4-5 The phase adjusted output of the triac is ap- 
plied to the power transformer where it is stepped- 
down and then coupled to a full-wave rectifier and 

filter. The preregulated dc current is applied next 

to the series regulator which varies its conduction 

to provide a regulated voltage or current at the out- 
put terminals. 


constant network which achieves a gradual turn-on 
characteristic. The slow turn-on feature protects 
the preregulator triac and the series regulator from 
damage which might occur when power is first ap- 
plied to the unit. At turn-on, the control circuit 
sends inhibit voltages to the preregulator control 
circuit and the series regulator (via the error and 
driver amplifiers). A short time after the unit is in 
Operation, the inhibit voltages are removed and the 
circuit no longer excercises any control over the 
Operation of the supply. 


4-15 The reference supply provides stable refer- 
ence voltages which are used by the constant volt- 
age and current comparators in the main power sup- 
ply. Less critical operating voltages are obtained 
from the bias supply. 


4-16 DETAILED CIRCUIT ANALYSIS (See Figure 7-1) 
4-17 PRERISGULATOR CONTROL CIRCUIT 


4-18 The preregulator minimizes changes in the 
power dissipated by the series regulating transis- 
tors due to output voltage or input line voltage var- 
iations. Preregulation is accomplished by means 
of a phase control circuit utilizing triac CR25 (or 
SCR's CR25 and CR26) as the switching elements. 


4-19 In order to understand the operation of the 
preregulator, it is important to understand the oper- 
ation of the triac. Since the SCR's in the 6264B and 
6267B are used ina conventional type of operation, 
the triac of the 6256B will be discussed. The triac 
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Figure 4-3. 


is a bi-directional device; that is, it can conduct 
current in either direction. Hence, the device fires 
whenever it receives a gating pulse regardless of 
the polarity of the input ac that is applied to it. An 
SCR (Models 6264B and 62678) fires when its anode 
is positive and it receives a positive going gating 
pulse. The triac is fired once during each half- 
cycle (8.33 milliseconds) of the input ac (see Figure 
4-3). Notice that when the triac is fired at an early 
point during the half-cycle, the ac level applied to 
the power transformer is relatively high. When the 
triac is fired later during the cycle, the ac level is 
relatively low. 


4-20 Normally the ac input signal must be at a cer- 
tain minimum potential before the triac will conduct. 
However, C29 and R114 keep the potential across 
the triac slightly above this minimum so that the 
triac can conduct at any time during the ac input 
cycle. 


4-21 The preregulator control circuit samples the 
input line voltage, the output voltage, and the volt- 
age across the series transistor. It generates firing 
pulses, at the time required, to fire the triac. This 
action maintains the ac input voltage across the 
primary winding of Tl at the desired level. 


4-22 The inputs to the control circuit are algebra- 
ically summed across capacitor C15. All inputs 
contribute to the time required to charge C15. The 
input line voltage is rectified by CR27, CR28, CR31, 
and CR33, attenuated by voltage divider R68 and R69, 
and applied to the summing point at TP73 via capac- 
itor C15. Capacitor C16 is used for smoothing pur- 
poses. 


4-23 Transistor Q22, connected in a common base 
configuration, provides a charging current for the 
summing capacitor which varies in accordance with 
the input signals applied to its emitter. Resistor 
R86, connected between the negative output line 
and the emitter of Q22, furnishes a signal which is 
proportional to the output voltage. Resistors R87 
and R79 sample the voltage across, and the current 
through, the series regulator. Capacitor C17 and 
resistor R78 stabilize the entire preregulator feed- 
back loop. Resistors R75 and R74 are the source of 
a constant offset current which sustains a net nega- 
tive charging current to the summing point, ensuring 
that the triac will fire at low output voltages. 


4-24 The summation of the input signals results in 
the generation of a voltage waveform at TP73 similar 
to that shown on Figure 4-4. When the linear ramp 
portion of the waveform reaches a certain negative 
threshold voltage, diodes CR43 and CR44 become 
forward biased. The negative voltage is then coupled 
to the base of transistor Q19. Transistors Q19 and 
Q18 form a squaring circuit resembling a Schmitt 
trigger configuration. Q19 is conducting, prior to 
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Figure 4-4. Preregulator Control Circuit Waveforms 


firing time. due to the positive bias connected to 
its base through R73. Transistor Q18 is cut off, at 
this time, because its base is connected directly 
to the collector of transistor Q19. 


4-25 When the negative threshold voltage is 
reached, transistor Q18 is turned off and Q18 is 
turned on. The conduction of Q21 allows capacitor 
C18 to discharge rapidly through pulse transformer 
T2 resulting in the generation of a firing pulse 
across the secondary winding of T2. As shown on 
Figure 4-4,- each firing pulse is relatively narrow 
because Q18 saturates rapidly causing the magnetic 
field surroundingT2tocollapse. Diode CR40damps- 
out positive overshoot. 


4-26 Reset of the control circuit occurs once every 
8.33 milliseconds when the rectified ac voltage at 
test point 64 increases to a level at which diode 
CR38 becomes forward biased. Summing capacitor 
C15 is then allowed to discharge through CR38. 
Diodes CR44 and CR43 become reverse biased at 
reset and transistor O19 reverts to its "on" state. 
Consequently, O18 is turned off and capacitor C18 


charges up through R71 at a comparatively slow rate 
until the collector voltage of Q18 reaches approxi- 
mately +12 Volts. The above action causes the 
small positive spike that appears across the wind- 
ings of pulse transformer T2 at reset time. 


4-27 SERIES REGULATOR AND DRIVER 


4-28 The series regulator consists of transistors 
Q6 and Q7 connected in parallel (see schematic at 
rear of manual). The transistors serve as the series, 
or "pass", elements which provide precise and 
rapid control of the output. The conduction of the 
series transistors is controlled by the feedback sig- 
nals obtained from driver Q3. Diode CR11, connect- 
ed across the regulator circuit, protects the series 
elements from reverse voltages that could develop 
across them during parallel operation if one supply 
is turned on before the other. 


4-29 SHORT CIRCUIT PROTECTION 


4-30 This circuit acts to initially protect the series 
regulator against a full voltage-full current condi- 
tion. This would occur if the output were shorted 
when the controls were set to high voltage output. 
If this condition does occur, Q13 goes into heavy 
conduction because of the increased voltage across 
the series regulator. This essentially puts R66 in 
parallel with the current controls reducing the volt- 
age drop across the controls and programming the 
supply to some lower output current. Within 8.33 
milliseconds after the short circuit is imposed, the 
preregulator reduces the voltage across the series 
regulator so that it does not exceed about 4 Volts. 
As the input capacitors (C13 and C14) discharge, 
the voltage across the series regulator will diminish 
to a safe level and Q13 will turn off. The output 
current will again rise but the voltage across the 
series regulator will continue to diminish to a safe 
4 Volts. 


4-31 CONSTANT VOLTAGE COMPARATOR 


4-32 This circuit consists of the programming re- 
sistors (Rll and R10) and a differential amplifier 
stage (Ql and associated components). Transistor 
Q1 consists of two silicon transistors housed ina 
single package. The transistors have matched char- 
acteristics minimizing differential voltages due to 
mismatched stages. Moreover, drift due to thermal 
differentials is minimized, since both transistors 
operate at essentially the same temperature. 


4-33 The constant voltage comparator continuously 
compares the voltage drop across the VOLTAGE con- 
trols with the output voltage and, if a difference 
exists, produces an error voltage whose amplitude 
is proportional to this difference. The error signal 
ultimately alters the conduction of the series regu- 
lator which, in turn, alters the output current so 


that the output voltage becomes equal to the volt- 
age drop across the VOLTAGE controls. Hence, 
through feedback action, the difference between 
the two inputs to Q]1 is held at zero Volts. 


4-34 Stage Q1B of the differential amplifier is con- 
nected to a common (+S) potential through imped- 
ance equalizing resistor R5. Resistors R6 and R8& 
are used to zero bias the input stage, offsetting 
minor base to emitter voltage differences in Ql. 
The base of Q1A is connected to a summing point 
at (terminal A2) the junction of the programming re- 
sistors and the current pullout resistors R9, R13, 
and R12. Instantaneous changes in the output volt- 
age or changes due to the manipulation of R11/R10 
result in an increase or decrease in the summing 
point potential. Q1A is then made to conduct more 
or less, in accordance with summing point voltage 
change. The "error" voltage is taken from the col- 
lector of Q1A and ultimately varies the conduction 
of the series regulator. 


4-35 Resistor Rl, in series with the base of Q1A, 
limits the current through the programming resistors 
during rapid voltage turn-down. Diodes CR1 and 
CR2 form a limiting network which prevents exces- 
sive voltage excursions from over driving stage 
Q1A. Capacitor Cl, shunting the programming re- 
sistors, increases the high frequency gain of the 
comparison amplifier. 


4-36 During constant voltage operation, the pro- 
gramming current that flows through the program- 
ming resistors (VOLTAGE controls) is constant be- 
cause the value of shunt resistor R13 is factory 
selected so that all of the +6.2 Volt reference is 
dropped across R9, R12, and R13. Linear constant 
voltage programming is assured with a constant 
current flowing through Rll and R10. 


4-37 Main output capacitor C20, connected across 
the output terminals of the supply, stabilizes the 
series regulator feedback loop when the normal 
strapping pattern shown on the schematic is em- 
ployed. Note that this capacitor can be removed 

to avoid output current surges or to increase the 
programming speed of the supply. If C20 is re- 
moved, capacitor C19 serves to insure loop sta- 
bility. 


4-38 CONSTANT CURRENT COMPARATOR 


4-39 This circuit is similar in appearance and op- 
eration to the constant voltage comparator circuit. 
It consists of the coarse and fine current controls 
(R16 and R17) and a differential amplifier stage 
(Q2 and associated components). Like transistor 
Q1 in the voltage circuit, Q2 consists of two tran- 
sistors, having matched characteristics, that are 
housed in a single package. 


4-40 The constant current comparator circuit con- 
tinuously compares the voltage drop across the 
CURRENT controls with the voltage drop across the 
current sampling resistor, R54. If a difference 
exists, the differential amplifier produces an “error' 
signal which is proportional to this difference. The 
remaining components in the feedback loop (ampli- 
fiers and series regulator) function to maintain the 
drop across the current sampling resistors, and 
hence the output current, at a constant value. 


4-41 Stage Q2B is connected to the + output bus 
through impedance equalizing resistor R26. Instan- 
taneous changes in the output current are felt at the 
current summing point (terminal A6) and, hence, the 
base of Q2A. The change in Q2A's conduction also 
varies the conduction of Q2B due to the coupling 
effects of the common emitter resistor, R22. The er- 
ror voltage is taken from the collector Q2B and ul- 
timately varies the conduction of the series regula- 
tor. 


4-42 Resistor R19, shunting the pullout resistor, 
serves as a trimming adjustment for the programming 
current flowing through R16 and R17. Diode CRS 
limits excessive voltage excursions at the base of 
Q2a. 


4-43 VOLTAGE CLAMP CIRCUIT 


4-44 The voltage clamp circuit keeps the constant 
voltage programming current relatively constant 
when the power supply is operating in the constant 
current mode. This is accomplished by clamping 
terminal A2, the voltage summing point, to a fixed 
bias voltage. During constant current operation the 
constant voltage programming resistors are a shunt 
load across the output terminals of the power supply. 
When the output voltage changes, the current 
through these resistors also tends to change. Since 
this programming current flows through the current 
sampling resistors, it is erroneously interpreted as 
a load change by the current comparator circuit. 

The clamp circuit eliminates this undesirable effect 
by maintaining this programming current constant. 


4-45 The voltage divider, R51, R52, and VR3, back 
biases CR30 and Q10 during constant voltage opera- 
tion. When the power supply goes into constant 
current operation, CR30 becomes forward biased by 
the collector voltage of Q1A. This results in con- 
duction of Q10 and the clamping of the summing 
point at a potential only slightly more negative than 
the normal constant voltage potential. Clamping 
this voltage at approximately the same potential 
that exists in constant voltage operation, results in 
a constant voltage across, and consequently a con- 
stant current through, the current pullout resistors 
R9, R12, and R13. 


4-46 MIXER AND ERROR AMPLIFIERS 


4-47 The mixer and error amplifiers amplify the 
error signal from the constant voltage or constant 
current input circuit to a level sufficient to drive 
the series regulating transistors. Mixer amplifier 
QS receives the error voltage input from either the 
constant voltage or constant current comparator via 
the OR-gate diode (CR3 or CR4) that is conducting 
at the time. Diode CR3 is forward biased, and CR4 
reverse biased, during constant voltage operation. 
The reverse is true during constant current operation. 


4-48 Transistor Q11 provides a constant current to 
the collector of Q5 and also generates a negative 
going turn-off signal for the series regulator when 
the unit is first turned-off. Feedback network C5 
and R30 shapes the high frequency rolloff in the 
loop gain response so as to stabilize the series 
regulator feedback loop. 


4-49 Error amplifiers Q4 and Q12 serve as the pre- 
driver elements for the series regulator. 


4-SO OVERVOLTAGE PROTECTION "CROWBAR" 


4-51 The overvoltage protection circuit protects 
delicate loads from high voltage conditions. It 
accomplishes this by shorting the output of the 
supply, Under normal operation (no overvoltage), 
blocking oscillator Q24 and Q25, is off. (Q24 is 
on, Q25 is off.) Thus no trigger signal is received 
by SCR, CRS7 and it acts as an open circuit, hav- 
ing no effect on normal output voltage. 


4-52 R109 adjusts the bias of Q24 with relation 

to -S, It establishes the triggering point for the 
blocking oscillator, When this point is reached 
CRS9 becomes forward biased and Q24 is turned 
off, With Q24 off, Q25 begins to conduct, sending 
a positive going trigger pulse to CR57, causing it 
to fire and create a near short circuit across the 
output, When CRS7 is fired, overvoltage lamp DS1, 
is turned on; completing a path for a +12V unreg- 
ulated holding current through DS1, This current 
holds CR57 on, even after the output voltage has 
fallen. CR57 will remain in conduction until the 
supply is turned off. R102 protects CRS6 and CRS7 
from the large surge current that occurs when CR57 
is first fired, 


4-53 The firing of CR57 allows CR55 to become 
forward biased, This draws current through R71 in 
the preregulator control circuit which prevents the 
generation of any trigger pulses, and tums-off the 
preregulator, This prevents the series regulator 
from experiencing a full-voltage, full-current con- 
dition, 


4-54 A slaving arrangement of the crowbar circuits 


in more than one unit is made possible by an 

extra secondary winding (terminals 5 and 6) of T4. 
When units having these two terminals are con- 
nected together, their crowbars will be activated 
if any one of the crowbars is tripped, To reset the 
crowbars in this arrangement, all of the units must 
be turned off and then on, Polarity, designated by 
the dots on the windings of T4 on the schematic, 
must be observed when connecting units in this 
fashion, 


4-55 The crowbar circuit creates an extra current 
path during normal operation of the supply, thus 
changing the current that flows through the sampling 
resistor. Diode CR9 keeps this extra current at a 
fixed level which can then be compensated for in 
the constant current comparator circuit. 


4-56 TURN-ON CONTROL CIRCUIT 


4-57 This circuit is a long time-constant network 
which protects the triac and the series regulator 
from possible damage during turn-on. When the 
supply is first turned-on, C22 provides a positive 
voltage to the anodes of CR50 and CR47. The volt- 
age from CRS50 is connected to the cathode of diode 
CR44 in the preregulator control circuit to ensure 
that it is initially reverse biased. After C22 be- 
comes sufficiently charged, diode CR50 becomes 
reverse biased and the preregulator control circuit 
is permitted to fire the triac. 


4-58 Diode CR47 provides a similar function for 
the series regulator. CR47 initially couples a posi- 
tive voltage to Q5 where it is inverted and applied 
to the series regulator. This negative voltage keeps 
the regulator cutoff until C22 charges up. Diode 
CR45 provides a discharge path for C22 when the 
supply is turned-off. 


4-59 REFERENCE CIRCUIT 


4-60 The reference circuit is a feedback power 
supply similar to the main supply. It provides 
stable reference voltages which are used through- 
out the unit. The total output of the reference cir- 
cuit is 18.6V, with R43, VR1, and VR2 dropping the 
proper voltages to establish the +6.2 and +S refer- 
ence voltages. The +S potential is the common 
point for the supply from which the +12.4, +6.2, 
-6.2 voltages are measured. 


4-61 The regulating circuit consists of series regu- 
lating transistor Q9 and error amplifier Q8. Output 
voltage changes are detected by Q8 whose base is 
connected to the junction of a voltage divider (R41, 
R42) connected directly across the supply. Any 
changes in output voltage are amplified and inverted 
by Q8 and applied to the base of series transistor 
Q9. The series element then alters its conduction 


in the direction and by the amount necessary to 
maintain the output voltage of the reference circuit. 
Resistor R46, the emitter resistor for Q8, is con- 
nected in a manner which minimizes changes in the 
reference voltage caused by variations in the input 
line. Output capacitor C9 stabilizes the regulator 
loop. 


4-62 Diode CR20, shown in the schematic near the 
current pullout resistors (R9, R12, and R13), pro- 
tects the zener diodes in the reference circuit by 
providing a path for surge currents which occur dur- 
ing rapid down programming. 


4-63 METER CIRCUIT 


4-64 The meter circuit provides continuous indica- 
tions of output voltage and current on the dc volt- 
meter and ammeter. Both meter movements can 
withstand an overload of many times the maximum 
rated output without damage. 


4-65 The ammeter together with its series resistors 
(R62,R63) is connected across current sampling re- 
sistor R54. As mentioned previously, the voltage 
drop across R54 varies in proportion to the output 
current. Potentiometer R63 is adjusted for full scale 


deflection of the ammeter. 


4-66 The voltmeter is connected in series with R56 
and R57 directly across the output terminals of the 
supply. Potentiometer R56 permits calibration of 
the voltmeter. 


4-67 ADDITIONAL PROTECTION FEATURES 


4-68 The supply contains several "special purpose" 
components which protect the supply in the event of 
unusual circumstances. One of these components is 
diode CR34 which is connected across the output 
terminals of the supply and prevents internal damage 
from reverse voltages that might be applied across 
the supply. This could occur, for example, during 
Auto-Series operation if one supply was turned on 
before the other. 


4-69 Resistors R58 and R59 limit the output of the 
supply if the straps between both output busses and 
the sensing terminals (+S and -S) are inadvertently 
removed. 


4-70 Diode CR1l, previously mentioned in the 
series regulator description, protects the regulating 
transistors from the effects of reverse voltages. 


SECTION V 
MAINTENANCE 


5-1 INTRODUCTION fore returning the power supply to normal opera- 
tion, repeat the performance check to ensure that 

5-2 Upon receipt of the power supply, the per- the fault has been properly corrected and that no 

formance check (Paragraph 5-5) should be made, other faults exist. 

This check is suitable for incoming,inspection. If 

a fault is detected in the power supply while mak- 5-3 TEST EQUIPMENT REQUIRED 

ing the performance check or during normal oper- 

ation. proceed to the troubleshooting procedures 5-4 Table 5-1 lists the test equipment required 

(Paragraph 5-53), After troubleshooting and re- to perform the various procedures described in 

pair (Paragraph 5-64), perform any necessary ad- this Section. 


justments and calibrations (Paragraph 5-66). Be- 


Table 5-1. Test Equipment Required 


RECOMMENDED 
MODEL 


REQUIRED 
CHARACTERISTICS 


Measure dc voltages; tp 3420 (See Note) 
calibration procedures 
Voltage 


Vary ac input 
Transformer 
AC Voltmeter | Accuracy: 2%. Sensitivity: lmV Measure ac voltages and 403B 
full scale deflection (min.). ripple. 
Sensitivity: 100pV/cm. Differ- # 140A plus 1400A 
ential input. plug-in, 1402A 


plug-in for spike 
measurements only, 


Oscillator Range: S5Hz to 600kHz, Accuracy: Impedance checks hp 200CD 
2%. Output: 10Vrms. 
DC Voltmeter | Accuracy: 1%. Input resistance: Measure dc voltages 412A 
20, 000 ohms/Volt (min.). 
Repetitive Rate: 60-400Hz, 2ysec rise and fall | Measure transient response] See Figure 5-6, 
Load Switch time, 
Values: See Paragraph 5-13, Power supply load resistors SS Sage 
Loads 


Current Sam- | See RS4 in Parts List (Section VI). Measure current; calibrate 
pling Resistor meter 


Differential 
Voltmeter 


Sensitivity: lmV full scale (min.). 
Input impedance: 10 megohms (min.). 


Variable Range: 90-130 Volts. Equipped with 


voltmeter accurate within 1 Volt. 


Display transient response 
waveforms 


Oscilloscope 


Resistor 1Ka 1%, 2 Watt non-inductive. Measure impedance | ----- 


i — ed - vias [icone ineecens | | 


Table 5-1. Test Equipment Required (Continued) 


REQUIRED 
PIES CHARACTERISTICS 


Capacitor S00pf, SOW Vdc, 


NOTE 


A satisfactory substitute for a differen- 
tial voltmeter is to arrange a reference 
voltage source and null detector as 
shown in Figure 5-1, The reference 
voltage source is adjusted so that the 
voltage difference between the supply 
being measured and the reference volt- 
age will have the required resolution 
for the measurement being made, The 
voltage difference will be a function of 
the null detector that is used, Exam- 
ples of satisfactory null detectors are: 
#8 419A null detector, a dc coupled 
oscilloscope utilizing differential in- 
put, or a S5OmV meter movement with a 
100 division scale, For the latter, a 
2mV change in voltage will result ina 
meter deflection of four divisions. 


CAUTION 


Care must be exercised when using an 
electronic null detector in which one 
input terminal is grounded to avoid 
ground loops and circulating currents. 


5-5 PERFORMANCE TEST 


5-6 The following test can be used as an incom- 
ing inspection check and appropriate portions of 
the test can be repeated either to check the opera- 
tion of the instrument after repairs or for periodic 
maintenance tests, The tests are performed using 
a 115Vac, 60Hz, single phase input power source, 
If the correct result is not obtained for a particular 
check, do not adjust any controls; proceed to 
troubleshooting (Paragraph 5-53). 


5-7 CONSTANT VOLTAGE TESTS 


5-8 The measuring device must be connected as 
close to the output terminals as possible when 
measuring the output impedance, transient re- 
sponse, regulation, or ripple of the power supply 
in order to achieve valid measurements, A meas- 
urement made across the load includes the imped- 
ance of the leads to the load and such lead lengths 


RECOMMENDED 
MODEL 


Measure impedance 


POWER SUPPLY 
UNDER TEST 


REFERENCE 
VOLTAGE 
SOURCE 


NULL 
DETECTOR 


Figure 5-1, Differential Voltmeter Substitute 
Test Setup 


can easily have an impedance several orders of 
magnitude greater than the supply impedance, thus 
invalidating the measurement, 


5-9 The monitoring device should be connected 
as shown in Figure 5-2, Note that the monitoring 
leads are connected at A, not B, as shown in Fig- 
ure 5-2, Failure to connect the measuring device 
at A will result in a measurement that includes the 
resistance of the leads between the output termi- 
nals and the point of connection. When measur- 
ing the constant voltage performance specifica- 
tions, the current controls should be set well 
above the maximum output current which the sup- 
ply will draw, since the onset of constant current 
action will cause a drop in output voltage, in- 
creased ripple, and other performance changes not 


OUTPUT TERMINAL 


Figure 5-2, Front Panel Terminal Connections 


properly ascribed to the constant voltage operation 
of the supply. 


POWER SUPPLY 
UNDER TEST 


13.3, 120W, 25% 
8, 200W, 5% 


Bia 
900 


20, 18OW,t 5% 


DIFFERENTIAL 
VOLTMETER 


Figure 5-3, CV Load Regulation, Test Setup 


5-10 Rated Output and Meter Accuracy. 


5-11 Voltage. To check the output voltage, pro- 
ceed as follows: 
a. Connect load resistor (Ry) indicated in 
Figure 5-3 across the output terminals of supply. 
b, Connect differential voltmeter across (+) 


and (-) terminals of supply observing correct polar- 


ity. 

c, Turn on supply and adjust VOLTAGE con- 
trols until front panel meter indicates exactly the 
maximum rated output voltage. 

d. Differential voltmeter should indicate 
the following: 

6263B 20 + 0. 4Vde 6256B 10+ 0.1Vdc 
6265B,6266B 40 +0.8Vdc 6264B 20+ 0.4Vdc 
6271B 60 + 1.2Vde 6267B 40+ 0.8Vdc 


5-12 Load Regulation. 
Definition: The change AEoytT in the 


static value of dc output voltage re- 
sulting from a change in load resist- 
ance from open circuit to a value 
which yields maximum rated output 
current (or vice versa). 


5-13 To check the constant voltage load regula- 
tion, proceed as follows: 
a. Connect test setup shown in Figure 5-3. 
b. Turn CURRENT controls fully clockwise. 
c. Turn on supply and adjust VOLTAGE con- 
trols until front panel meter indicates maximum 
rated output current. 
d. Read and record voltage indicated on dif- 


ferential voltmeter, 

e. Disconnect load resistor. 

f, Reading on differential voltmeter should 
not vary from reading recorded in step d by more 
than the following: 


6263B 2.2mV 6256B 1.2mV 
6265B, 6266B 4.2mV 6264B 2.2mV 
6271B 6.2mV 6267B 4.2mV 


5-14 Line Regulation 
Definition: The change, AEOuT, in the 


static value of dc output voltage result- 
ing from a change in ac input voltage 
over the specified range from low line 
(usually 103 Volts) to high line (usually 
127 Volts), or from high line to low line, 


5-15 To check the line regulation, proceed as 
follows: 

a. Connect variable auto transformer be- 
tween input power source and power supply power 
input, 

b, Connect test setup shown in Figure 5-3. 

c, Adjust variable auto transformer for 103V 
ac input, 

d, Turn on supply and adjust VOLTAGE con- 
trols until front panel meter indicates exactly the 
maximum rated output voltage, 

e. Read and record voltage indicated on dif- 
ferential voltmeter, 

f, Adjust variable auto transformer for 127V 
ac input. 

g. Reading on differential voltmeter should 
not vary from reading recorded in step e by more 
than the following: 


6263B 2.2mV 6256B 1.2mV 
6265B, 6266B 4.2mvV 6264B 2.2mV 
6271B 6.2mvV 6267B 4,2mvV 


5-16 Ripple and Noise. 


Definition: The residual ac voltage 

which is superimposed on the dc 

output of a regulated power supply. 

Ripple and noise may be specified 

and measured in terms of its RMS or 

(preferably) peak-to-peak value, 
Ripple and noise measurement can be made at any 
input AC line voltage combined with any dc output 
voltage and load current within rating, - 


5-17 The amount of ripple and noise that is pre- 
sent on the power supply output is measured either 
in terms of the RMS or (preferably) peak-to-peak 
value, The peak-to-peak measurement is particu- 
larly important for applications where noise spikes 
could be detrimental to a sensitive load, such as 
logic circuitry. The RMS measurement is not an 
ideal representation of the noise, since fairly 
high output noise spikes of short duration could 
be present in the ripple and not appreciably in- 
crease the RMS value, 


5-18 Ripple and Noise Measurements, Figure 
5-4A shows an incorrect method of measuring p-p 
ripple, Note that a continuous ground loop exists 
from the third wire of the input power cord of the 
supply to the third wire of the input power cord of 
the oscilloscope via the grounded power supply 
case, the wire between the negative output termi- 
nal of the power supply and the vertical input of 
the scope, and the grounded scope case, Any 
ground current circulating in this loop as a result 
of the difference in potential Eg between the two 
ground points causes an IR drop which is in series 
with the scope input, This IR drop, normally 
having a 60Hz line frequency fundamental, plus 
any pickup on the unshielded leads interconnect- 
ing the power supply and scope, appears on the 
face of the CRT, The magnitude of this resulting 
noise signal can easily be much greater than the 
true ripple developed between the plus and minus 
output terminals of the power supply, and can 
completely invalidate the measurement, 


5-19 The same ground current and pickup problems 
can exist if an RMS voltmeter is substituted in 
place of the oscilloscope in Figure 5-4, However, 
the oscilloscope display, unlike the true RMS 
meter reading, tells the observer immediately 
whether the fundamental period of the signal dis- 
played is 8.3 milliseconds (1/120Hz) or 16, 7 
milliseconds (1/60Hz). Since the fundamental 
ripple frequency present on the output of an @ 
supply is 120Hz (due to full-wave rectification), 
an oscilloscope display showing a 120Hz funda- 
mental component is indicative of a "clean" meas- 
urement setup, while the presence of a 60Hz fun- 
damental usually means that an improved setup 
will result in a more accurate (and lower) value of 
measured ripple, 


5-20 Figure 5-4B shows a correct method of meas- 
uring the output ripple of a constant voltage power 
supply using a single-ended scope. The ground 
loop path is broken with a 3 to 2 adapter in series 
with the power supply's ac line plug. Notice, 
however, that the power supply case is still con- 
nected to ground via the power supply output ter- 
minals, the leads connecting these terminals to 
the scope terminals, the scope case and the third 
wire of the power supply cord, 


5-21 Either a twisted pair or (preferably) a shield- 
ed two-wire cable should be used to connect the 
output terminals of the power supply to the vertical 
input terminals of the scope, When using a twist- 
ed pair, care must be taken that one of the two 
wires is connected both to the grounded terminal 
of the power supply and the grounded input termi- 
nal of the oscilloscope, When using shielded two- 
wire, it is essential for the shield to be connected 
to ground at one end only so that no ground current 
will flow through this shield, thus inducing a 


POWER SUPPLY CASE OSCILLOSCOPE CASE 


ir 


OVERTICAL 


A, INCORRECT METHOO~ GROUND CURRENT Ig PRODUCES 60 
CYCLE DROP IN NEGATIVE LEAD WHICH ADDS TO THE POWER 
SUPPLY RIPPLE DISPLAYED ON SCOPE, 


POWER SUPPLY CASE OSCILLOSCOPE CASE 


ar 


USE 3-T0-2 bD VERTICAL 
ADAPTER TO 


BREAK GNO PATH 


B. A CORRECT METHOD USING A SINGLE -ENDED SCOPE. 
3-TO-2 ADAPTER BREAKS GROUND CURRENT LOOP, TWISTED 
PAIR REOUCES STRAY PICKUP ON SCOPE LEADS. 


POWER SUPPLY CASE OSCILLOSCOPE CASE 


SHIELDED 
TWO -WIRE 


C. A CORRECT METHOD USING A DIFFERENTIAL SCOPE WITH 
FLOATING INPUT. GROUND CURRENT PATH IS BROKEN; COMMON 
MODE REJECTION OF DIFFERENTIAL INPUT SCOPE IGNORES 
DIFFERENCE INGROUND POTENTIAL OF POWER SUPPLY & 
SCOPE, SHIELDED TWO WIRE FURTHER REDUCES STRAY 
PICK-UP ON SCOPE LEAD. 


Figure 5-4, Ripple and Noise, Test Setup 


noise signal in the shielded leads, 


5-22 To verify that the oscilloscope is not dis- 
playing ripple that is induced in the leads or pick- 
ed up from the grounds, the (+) scope lead should 
be shorted to the (-) scope lead at the power sup- 
ply terminals. The ripple value obtained when the 
leads are shorted should be subtracted from the 
actual ripple measurement, 


5-23 In most cases, the single-ended scope 
method of Figure 5-4B will be adequate to elimi- 
nate non-real components of ripple and noise so 
that a satisfactory measurement may be obtained, 
However, in more stubborn cases, or in measure- 
ment situations where it is essential that both the 
power supply case and the oscilloscope case be 
connected to ground (e.g. if both are rack-mount- 
ed), it may be necessary to use a differential 
scope with floating input as shown in Figure 5-4C, 
If desired, two single conductor shielded cables 
may be substituted in place of the shielded two- 
wire cable with equal success. Because of its 


common mode rejection, a differential oscilloscope 
displays only the difference in signal between its 
two vertical input terminals, thus ignoring the ef- 
fects of any common mode signal introduced be- 
cause of the difference in the ac potential between 
the power supply case and scope case. Before 
using a differential input scope in this manner, 
however, it is imperative that the common mode 
rejection capability of the scope be verified by 
shorting together its two input leads at the power 
supply and observing the trace on the CRT. If this 
trace is a straight line, the scope is properly ig- 
noring any common mode signal present. If this 
trace is not a straight line, then the scope is not 
rejecting the ground signal and must be realigned 
in accordance with the manufacturer's instructions 
until proper common mode rejection is attained, 


5-24 To check the ripple and noise output, pro- 
ceed as follows: 

a. Connect the oscilloscope or RMS voltme- 
ter as shown in Figures 5-4B or 5-4C. 

b. Adjust VOLTAGE control until front panel 
meter indicates maximum rated output voltage. 

c. The observed ripple and noise should be 
less than 200uVrms and 10mV p=-p. 


5-25 Noise Spike Measurement. When a high fre- 
quency spike measurement is being made, an in- 
strument of sufficient bandwidth must be used; an 
oscilloscope with a bandwidth of 20MHz or more is 
adequate. Measuring noise with an instrument that 
has insufficient bandwidth may conceal high fre- 
quency spikes detrimental to the load. 


5-26 Thetest setups illustrated in Figure 5-4A and 
5-4B are generally not acceptable for measuring 
spikes; a differential oscilloscope is necessary. 
Furthermore, the measurement concept of Figure 
5-4C must be modified if accurate spike measure- 
ment is to be achieved: 

1. As shown in Figure 5-5, two coax cables 
must be substituted for the shielded two-wire cable. 

2. Impedance matching resistors must be in- 
cluded to eliminate standing waves and cable ring- 
ing, and the capacitors must be connected to block 
the dc current path. 

3. The length of the test leads outside the 
coax is critical and must be kept as short as pos- 
sible; the blocking capacitor and the impedance 
matching resistor should be connected directly from 
the inner conductor of the cable to the power supply 
terminals, 

4, Notice that the shields of the power sup- 
ply end of the two coax cables are not connected to 
the power supply ground, since such a connection 
would give rise to @ ground current path through the 
coax shield, resulting in an erroneous measurement. 

5. Since the impedance matching resistors 
constitute a 2-to-1 attenuator —the noise spikes 
observed on the oscilloscope should be less than 
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Figure 5-5. Noise Spike Measurement, Test Setup 


SmV p-p instead of 10mV p-p. 


5-27 The circuit of Figure 5-4 can also be used for 
the normal measurement of low frequency ripple and 
noise; simply remove the four terminating resistors 
and the blocking capacitors and substitute a higher 
gain vertical plug-in in place of the wide-band 
plug-in required for spike measurements. Notice 
that with these changes, Figure 5-5 becomes a two- 
cable version of Figure 5-4C. 


5-28 Qutput Impedance 
Definition: At any given frequency of 


load change, AEoy7/Aloyt. Strictly 

speaking the definition applies only for 

a sinusoidal load disturbance, unless, 

of course, the measurement is made at 

zero frequency (dc). The output imped- 

ance of an ideal constant voltage power 

supply would be zero at all frequencies, 

while the output impedance for an ideal 

constant current power supply would be 

infinite at all frequencies. 
The output impedance of a power supply is normally 
not measured, since the measurement of transient 
recovery time reveals both the static and dynamic 
output characteristics with just one measurement. 
The output impedance of a power supply is common- 
ly measured only in those cases where the exact 
value at a particular frequency is of engineering 
importance. / 


5-29 To check the output impedance, proceed as 
follows: 

a. Connect test setup shown in Figure 5-6. 

b. Turn on supply and adjust VOLTAGE con- 
trols until front panel meter reads 20 Volts. 

c. Set AMPLITUDE control on Oscillator to 
10 Volts (Ejn) and FREQUENCY control to 100Hz. 

d. Record voltage across output terminals of 
the power supply (Eg) as indicated on ac voltmeter. 

e. Calculate the output impedance by the 
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Figure 5-6. Output Impedance, Test Setup 


following formula: 
EoR 
QUE ee 
Ein ~ Eo 
rms voltage across power supply output 
terminals, 
R= 1000 
Ejy = 10 Volts 


Eo = 


f, The output impedance (Zoyt) should be 
less than 0,001 ohms, 

g. Using formula of step f, calculate output 
impedance at frequencies of 1kHz, 100kHz and 
1MHz. Values should be less than 0,01, 0,2, and 
2 ohms, respectively. 


5-30 Transient Recovery Time 
Definition: The time "X" for output 
voltage recovery to within "Y" mil- 
livolts of the nominal output volt- 
age following a "Z" amp step 
change in load current — where: 
"Y" is specified separately for 
each model but is generally of the 
same order as the load regulation 
specification. The nominal output 
voltage is defined as the dc level 
half way between the static output 
voltage before and after the imposed 
load change, and 
"Z" is the specified load current 
change, normally equal to the full 
load current rating of the supply. 


5-31 Transient recovery time may be measured at 
any input line voltage combined with any output 
voltage and load current within rating. 


5-32 Reasonable care must be taken in switching 


the load resistance on and off. A hand-operated 
switch in series with the load is not adequate, 
since the resulting one-shot displays are difficult 
to observe on most oscilloscopes, and the arc 
energy occurring during switching action complete- 
ly masks the display with a noise burst. Transis- 
tor load switching devices are expensive if reason- 
ably rapid load current changes are to be achieved. 


5-33 A mercury-wetted relay, as connected in the 
load switching circuit of Figure 5-7 should be 
used for loading and unloading the supply. When 
this load switch in connected to a 60Hz ac input, 
the mercury-wetted relay will open and close 60 
times per second. Adjustment of the 25K control 
permits adjustment of the duty cycle of the load 
current switching and reduction in jitter of the os- 
cilloscope display. 
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OR W.E. TYPE 2768 
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62568 2, SOW, = 5% 
62638 4, JOOW, =5% 
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Figure 5-7. Transient Recovery Time, Test Setup 


5-34 The maximum load ratings listed in Figure 5-7 
must be observed in order to preserve the mercury- 
wetted relay contacts. Switching of larger load 
currents can be accomplished with mercury pool 
relays; with this technique fast rise times can still 
be obtained, but the large inertia of mercury pool 


relays limits the maximum repetition rate of load 
switching and makes the clear display of the tran- 
sient recovery characteristic on an oscilloscope 
more difficult. 


5-35 To check the transient recovery time, pro- 
ceed as follows: 

a. Connect test setup shown in Figure 5-7. 

b. Turn on supply and adjust voltage con- 
trols until front panel meter indicates exactly the 
maximum rated output current. 

c. Close the line switch on the repetitive 
load switch setup. 

d. Set the oscilloscope for internal sync 
and lock on either the positive or negative load 
transient spike. 

e. Set the vertical input of the oscilloscope 
for ac coupling so that small dc level changes in 
the output voltage of the power supply will not 
cause the display to shift. 

f. Adjust the vertical centering on the scope 
so that the tail ends of the no load and full load 
waveforms are symmetrically displaced about the 
horizontal center line of the oscilloscope. This 
center line now represents the nominal output volt- 
age defined in the specification. 

g. Adjust the horizontal positioning control 
so that the trace starts at a point coincident with a 
major graticule division. This point is then repre- 
sentative of time zero. 

h. Increase the sweep rate so that a single 
transient spike can be examined in detail. 

i. Adjust the sync controls separately for 
the positive and negative going transients so that 
not only the recovery waveshape but also as much 
as possible of the rise time of the transient is 
displayed. 

j.- Starting from the major graticule division 
representative of time zero, count to the right 50p 
sec and vertically 10mV. Recovery should be with- 
in these tolerances as illustrated in Figure 5-8. 


LOADING TRANSIENT 


UNLOADING TRANSIENT 


Figure 5-8. Transient Recovery Time, Waveforms 


5-36 Temperature Coefficient 
Definition: The change in output volt- 


age per degree centigrade change in the 
ambient temperature under conditions of 
constant input ac line voltage, output 
voltage setting, and load resistance. 


5-37 The temperature coefficient of a power sup- 
ply is measured by placing the power supply in an 
oven and varying it over any temperature span with- 
in its rating. (Most & power supplies are rated for 
operation from 0°C to 55°C.) The power supply 
must be allowed to thermally stabilize for a suffi- 
cient period of time at each temperature of meas- 
urement, 


5-38 The temperature coefficient specified is the 
maximum temperature-dependent output voltage 
change which will result over any 5°C interval. 
The differential voltmeter or digital voltmeter used 
to measure the output voltage change of the supply 
should be placed outside the oven and should have 
a long term stability adequate to insure that its 
drift will not affect the overall measurement accu- 
racy. 


5-39 To check the temperature coefficient, pro- 
ceed as follows: 

a. Connect the load resistance, and differ- 
ential voltmeter as illustrated in Figure 5-3. 

b. Adjust front panel VOLTAGE controls until 
the front panel voltmeter indicates maximum rated 
output voltage. 

c. Insert the power supply into the tempera- 
ture-controlled oven (differential voltmeter remains 
outside oven). Set the temperature to 30°C and al- 
low 30 minutes warm-up. 

d. Record the differential voltmeter indication. 

e. Raise the temperature to 40°C and allow 
30 minutes warm-up. 

f. Observe the differential voltmeter indica- 
tion. The difference in the voltage indication of 
step d and f should be less than the following: 

6256B 12mV 6265B, 6266B,6267B 42mvV 
6263B,6264B 22mV 6271B 62mvV 


5-40 Output Stability. 
Definition: The change in output volt- 


age for the first eight hours following 
a 30 minute warm-up period. During 
the interval of measurement all param- 
eters, such as load resistance, ambient 
temperature, and input line voltage are 
held constant. 


5-41 This measurement is made by monitoring the 
output of the power supply on a differential voltme- 
ter or digital voltmeter over the stated measure- 
ment interval; a strip chart recorder can be used to 
provide a permanent record. A thermometer should 
be placed near the supply to verify that the ambient 


temperature remains constant during the period of 
measurement. The supply should be put in a loca- 
tion immune from stray air currents (open doors or 
windows, air conditioning vents); if possible, the 
supply should be placed in an oven which is held 
at a constant temperature, Care must be taken that 
the measuring instrument has a stability over the 
eight hour interval which is at least an order of 
magnitude better than the stability specification of 
the power supply being measured. Typically, a 
supply may drift less over the eight hour measure- 
ment interval than during the 4 hour warm-up period. 


5-42 To check the output stability, proceed as 
follows: 

a. Connect the load resistance and differen- 
tial voltmeter as illustrated in Figure 5-3. 

b. Adjust front panel VOLTAGE controls until 
the differential voltmeter indicates maximum rated 
output voltage. 

c. Allow 30 minutes warm-up then record the 
differential voltmeter indication. 

d. After 8hours, differential voltmeter should 
change from indication recorded in step c by less 
than the following: 

6256B 3.5mV 6265B,6266B,6267B 12.S5mV 
6263B,6264B 6.5mV 6271B 18.5mV 


5-43 CONSTANT CURRENT TESTS 


5-44 For output current measurements, the current 
sampling resistor must be treated as a four termi- 
nal device. In the manner of a meter shunt, the 
load current is fed to the extremes of the wire 
leading to the resistor while the sampling termi- 
nals are located as close as possible to the re- 
sistance portion itself (see Figure 5-9). General- 
ly, any current sampling resistor should be of the 
low noise, low temperature coefficient (less than 
30ppm/°C) type and should be used at no more 
than 5% of its rated power so that its temperature 
rise will be minimized. The latter, reduces resist- 
ance changes due to thermal fluctuations. It is 
recommended that the user obtain a duplicate of the 
sampling resistance (R54) that is used in this unit 
for constant current checks. 


CURRENT SAMPLING 
TERMINALS 


EXTERNAL 
LOAD 


TO UNGROUNDED 
TERMINAL OF 
POWER SUPPLY 


TO GROUNDED 
TERMINAL OF 


SAMPLING POWER SUPPLY 
RESISTOR 


LOAD 
TERMINALS 


Figure 5-9. Current Sampling Resistor 


Connections 


5-45 Rated Output and Meter Accuracy 


a. Connect test setup shown in Figure 5-10, 

b. Turn CURRENT controls fully clockwise. 

c. Turn on supply and adjust VOLTAGE con- 
trols until front panel meter indicates maximum 
rated output current. 

d, Differential voltmeter should read 0.5 + 


. 01Vdc. 


POWER SUPPLY 
UNDER TEST 


DIFFERENTIAL 


LOAD 
RESISTOR VOLTMETER 


CURRENT 
SAMPLING 


RESISTOR 
Oo 
oO e) 


* REFER TO R54 INPARTS LIST (SECTION V1) 


42 ,100W, + 5% 
62658 13.30, 120W,=5% 
8N, 200W, *5% 


Figure 5-10. Constant Current, Test Setup 


5-46 Load Regulation 
Definition: The change, Aloyrt in 
the static value of the de output 
current resulting from a change in 
load resistance from short circuit 
to a value which yields maximum 
rated output voltage. 


5-47 To check the constant current load regula- 
tion, proceed as follows: 

a. Connect test setup shown in Figure 5-10. 

b. Turn VOLTAGE control(s) fully clockwise, 

c. Adjust CURRENT control until front panel 
meter reads exactly the maximum rated output cur- 
rent. 

d. Read and record voltage indicated on 
differential voltmeter. 

e. Short out load resistor (Ry). 

f. Reading on differential voltmeter should 
not vary from reading recorded in step d by more 
than the following: 


6256B 112,V 6265B,6271B 183,V 
6263B,6267B 125pV 62668 250nV 
6264B 113uV 


9-48 Line Regulation 
Definition: The change, Aloyr in 


the static value of de output cur- 
rent resulting from a change in ac 
input voltage over the specified 
range from low line (usually 103 
Volts) to high line (usually 127 
Volts), or from high line to low line. 


POWER SUPPLY CASE OSCILLOSCOPE CASE 


5-49 To check the line regulation proceed as fol- 


lows: A. INCORRECT METHOD — GROUND CURRENT Tg PRODUCES 60 
414 ; ry _ CYCLE OROP IN NEGATIVE LEAD WHICH AOCS TO THE POWER 
a. Utilize test setup shown in Figure 5-10. SURLY SRIRBLEROTSREAYEDNONTEOCEE 
b. Connect variable auto transformer be- 


tween input power source and power supply power POWER SUPPLY CASE OSCILLOSCOPE CASE 
input, 
c. Adjust auto transformer for 103Vac input. 
d, Turn VOLTAGE control(s) fully clockwise. 


e. Adjust CURRENT controls until front panel Uskieato se 
meter reads exactly the maximum rated output cur- BREAK GNO PATH f 
rent. * 


TWISTEO PAIR. 
% LENGTH OF LEAO BETWEEN Ry AND GROUNDED OUTPUT 
TERMINAL OF POWER SUPPLY MUST BE HELD TO ABSOLUTE 


f. Read and record voltage indicated on dif- 
ferential voltmeter, 


g. Adjust variable auto transformer for 127 MINIMUM 
ry B.A CORRECT METHOD USING A SINGLE -ENODED SCOPE. 
Vac input. ’ ? ( 3-TO-2 ADAPTER BREAKS GROUND CURRENT LOOP, TWISTED 
h. Reading on differential voltmeter should PAIR REDUCES STRAY PICKUP ON SCOPE LEADS 
not vary from reading recorded in step f by more 
than the following: POWER SUPPLY CASE OSCILLOSCOPE CASE 
6256B 112yV 6265B,6271B 183,V 
6263B,6267B 125yV 6266B 250nV 
6264B 113pV 
5-50 Ripple and Noise 
Definition: The residual ac current * RWoewite 
which is superimposed on the dc % LENGTH OF LEAD BETWEEN Ry AND GROUNDED OUTPUT 
Output current of a regulated supply. TERMINAL OF POWER SUPPLY MUST BE HELD TO ABSOLUTE 
: A an MINIM s 
Ripple and noise may be specified siti 
j i C. A CORRECT METHOO USING A DIFFERENTIAL SCOPE WITH 
and measured in terms of its RMS sc) FLOATING INPUT GROUND CURRENT PATH IS BROKEN, 
(preferably) peak-to-peak value. COMMON MODE REJECTION OF DIFFERENTIAL INPUT SCOPE 
IGNORES DIFFERENCE IN GROUND POTENTIAL OF POWER 
f SUPPLY & SCOPE, SHIELDED TWO-WIRE FURTHER REDUCES 
5-51 Most of the instructions pertaining to the STRAY PICKUP ON SCOPE LEAD. 
ground loop and pickup problems associated with Noress Ppa aoe P 
A Ni IF R; R TO RS4 
constant voltage ripple and noise measurement SECTION VI. OF Rte o) NEAR TSAI: 
also apply to the measurement of constant current 
ripple and noise. Figure 5-11 illustrates the most 
important precautions to be observed when meas- 22, 50W, 25% 
uring the ripple and noise of a constant current 
supply. The presence of a 120 cycle waveform on 
the oscilloscope is normally indicative of a correct 
measurement method, A waveshape having 60Hz as 
its fundamental component is typically associated EONSIECWIS 


with an incorrect measurement setup. 


5-52 Ripple and Noise Measurement. To check 

the ripple and noise, proceed as follows: Figure 5-11. Constant Current Ripple and Noise, 
a, Connect the RMS voltmeter as shown in Test Setup 

Figures 5-11B or 5-11C. 
b. Rotate the VOLTAGE control fully cw and 


turn on supply. d. The ripple and noise indication should 
ec. Adjust CURRENT control until front panel be less than: 

meter reads exactly the maximum rated output cur- 6256B,6264B 125yVrms 6265B,6271B 494uVrms 

rent. 6263B,6267B 150uVrms 6266B 300uVrms 


5-9 


5-53 TROUBLESHOOTING 


5-54 Before attempting to troubleshoot this in- 
strument, ensure that the fault is with the instru- 
ment and not with an associated circuit. The per- 
formance test (Paragraph 5-5) enables this to be 
determined without having to remove the instru- 
ment from the cabinet. 


5-55 A good understanding of the principles of op- 
eration is a helpful aid in troubleshooting, and it 
is recommended that the reader review Section IV 
of the manual before attempting to troubleshoot the 
unit in detail. Once the principles of operation 
are understood, refer to the overall troubleshoot- 
ing procedures in paragraph 5=58 to locate the 
symptom and probable cause, 


5-56 The schematic diagram at the rear of the 
manual contains normal voltage readings taken at 
various points within the circuits. These voltages 
are positioned adjacent to the applicable test points 
(identified by encircled numbers). For Models 
6256B, 6264B and 6267B supplies, the component 
location diagram at the rear of the manual should 


Table 5-2, 


be consulted to determine the location of compo- 
nents and test points. 


5-57 If a defective component is located, replace 
it and re-conduct the performance test. Whena 
component is replaced, refer to the repair and re- 
placements and adjustment and calibration para- 
graphs in this section, 


5-58 OVERALL TROUBLESHOOTING PROCEDURE 


5-59 To locate the cause of trouble, follow steps 
1, 2, and 3 in sequence: 

(1) Check for obvious troubles such as open 
fuse, defective power cord, input power failure or 
defective meter. Next remove top cover and in- 
spect for open connections, charred components, 
etc. If trouble source cannot be detected by vis- 
ual inspection, proceed to step 2, 

(2) In almost all cases, the trouble can be 
caused by dc bias or reference voltages; thus, it 
is a good practice to check voltages in Table 5-2, 
before proceeding with step 3, 

(3) Disconnect load and examine Table 5-3 
to determine your symptom and probable cause. 


Reference and Bias Voltages 


(Refer to Schematic for test point locations) 


Table 5-3, 


Low or No Output Voltage 


(Overvoltage lamp may be on or off) 


METER METER NORMAL 
oree COMMON POSITIVE VDC 


12.4 +5% 
6,2 45% 
6.2 £5% 
12 £10% 
4,8 +10% 


2.4 £10% 


NORMAL 
RIPPLE (P-P) 


PROBABLE 
CAUSE 


Q9, Q8 


VR1, VR2, Q9, Q8 


VR1, VR2, Q9, Q8 


C12 


C12 


VR6, VR7 


Overall Troubleshooting 


Front panel meter defective. 


Series regulator or preregulator feedback loop defective, 


Refer to Table 5-4, 


"Crowbar" not reset or defective, 


Refer to Table 5-4, 


Table 5-3, Overall Troubleshooting (Continued) 


SYMPTOM PROBABLE CAUSE 


High Output Voltage a. Front panel meter defective 


b, Series regulator or preregulator loop defective. If 
"Crowbar" does not trip, it too is faulty. Refer to Table 
5-4, 


Poor Line Regulation a. Improper measurement technique, Refer to Paragraph 


5-14, 


b, Incorrect reference and/or bias voltages. Refer to 
Table 5-2, 


Poor Load Regulation 
(Constant Voltage) 


a. Improper measurement technique. Refer to Paragraph 
5-12, 


b. Incorrect reference and/or bias voltages. Refer to 
Table 5-2, 


c. Supply current limiting. Check constant current com- 
parator circuit (Q2 and associated components), 


Poor Load Regulation 
(Constant Current) 


a. Incorrect reference and/or bias voltages. Refer to 
Table 5-2, 


b. Supply voltage limiting, Check constant voltage com- 
Parator circuit (Q1 and associated components) and 
voltage clamp circuit, Q10. 


c. C19, CR20, leaky. 


Oscillates 
(Constant Current/Constant Voltage) 


a. Adjustment of R30. Refer to Paragraph 5-64. 
b. Faulty C5, C6, C19, R33, 


c. Open sensing lead (+S), 


Instability 
(Constant Current/Constant Voltage) 


a, Incorrect reference and/or bias voltages, CR9 defective. 
Refer to Table 5-2, 


b. Noisy voltage or current controls (R10, Rll orR16, R17). 


c. Stage Ql or Q2 defective, 
d. CR1, CR2 or CRS leaky, 
e. Rl, R12, R13, R18, R19, R20, Cl noisy or drifting. 


Cannot Reach Maximum Output a. Q13 shorted, 


5-60 Table 5-3 contains symptoms and probable 5-61 Tables 5-5, 5-6 and 5-7 contain trouble- 
causes of many possible troubles, If either high shooting the series regulator and preregulator 

or low output voltage is a symptom, Table 5-4 feedback loops once the fault has been isolated to 
contains the steps necessary to isolate the trouble either one. Tables 5-5 and 5-6 contain instruc- 
to one of the feedback loops and instructions di- tions for driving each stage into conduction or cut- 
recting the tester to the proper table for further off by shorting or opening a transistor. By follow- 
isolation. Because of the interaction between ing the steps in these tables, the fault can be 
loops, it is necessary to refer to Table 5-4 before isolated to a circuit or a component. 


proceeding to Tables 5-5, 5-6 or 5-7, 


Table 5-4, 


STEP ACTION 


Inspect fuses, 


Inspect overvoltage lamp 
on front panel. 


Isolate fault to either 
series regulator or prereg- 
ulator by using the follow- 
ing steps: 

1. Open the gate lead to 
triac CR25 (6256B) or SCRs 
CR25 and CR26 (6264B and 
6267B). 

2. Place a small dc pow- 
er supply across the input 
capacitors (C13 and C14), 
A 0-10V, 1 Ampere supply 
is sufficient, 

3, Set external supply 
to ten Volts, 

4, Vary front panel volt- 
age controls, 


Feedback Loop Isolation 


RESPONSE PROBABLE CAUSE 


NOTE: After each step, crowbar should be reset by turning supply off and then on. 


Not blown; 
High voltage output 


Not blown; 
Low voltage output 


Off; 
High voltage output 


Off; 
Low voltage output 


Output voltage normal, 
Variable from 0 Volts to 


about 6 Volts, 


Output voltage high, 
Varying controls has 
little or no effect, 


Output voltage low, 
Varying controls has 
little or no effect, 


Check rectifier and filter 
for short. Faulty preregu- 
lator, Proceed to Table 
5-7. 


Check CR57 for open, Q25 
for open, Q24 for short. 
Check setting of overvolt- 
age adjust (R109), Also 
check series regulator 
loop for high voltage con- 
dition, Table 5-5, 


Proceed to Step 2, 


Check CRS7 for short, Q25 
for short, Q24 for open, 
Check setting of overvolt- 
age adjust (R109), Then 
check series regulator 
loop for high voltage con- 
dition, Table 5-5, 


Check CR57 for open, Q25 
for open, Q24 for short. 
Check overvoltage adjust 
(R109). Also check series 
regulator loop for high 
voltage condition, Table 
5=5, 


Check CR57 for short, Q25 
for open, Q24 for short. 
Check overvoltage adjust 
(R109), Check Q13 for 
short. Proceed to Step 3, 


Faulty preregulator, Dis- 
connect source and pro- 
ceed to Table 5-7, 


High voltage condition in 
series regulator, Proceed 
to Table 5-5, 


Low voltage condition in 
series regulator loop, 
Proceed to Table 5-6, 
Leave external source 
connected, 


Table 5-5. Series Regulator Trouble shooting, High Voltage Condition 


STEP ACTION RESPONSE PROBABLE CAUSE 


These tests should be made with external source connected as described in Table 5-4, Step 3, 


Check turn-off of series . Output voltage remains 2” O6,.O7, CRU or-O8 
regulator transistors by high shorted, 


shorting terminal A4 tobase 
of Q3 . Output voltage . Remove short. Proceed to 


decreases Step 2, 


Check conduction of Q4 by . Output voltage remains . Q4 open, 
shorting Q12 emitter to high 


collector 
Output voltage . Remove short. Proceed to 


decreases Step 3, 


Check conduction of Q12 . Output voltage remains » Q12 open, 
by shorting Q11 emitter to high 


collector 
Output voltage . Remove short. Proceed to 


decreases Step 4, 


Check turn-off of Q5 by . Output voltage : - QI1A shorted. Q1B opened. 
shorting Q1B emitter to decreases Opened strap between Al 
base and A2, R10 or Rll open, 


Output voltage remains . QS shorted, 
high 


NOTE: If trouble still exists, check preregulator, Table 5-7. 


Table 5-6. Series Regulator Troubleshooting, Low Voltage Condition 


Check turn-on of Q6 . Output voltage remains . Q6, Q7 open, 
and Q7 by shorting Q3 low 


er t ll 
gE ag nee! Output voltage rises . Check Q3 for open, Re- 


move short, Proceed to 
Step 2. 


Check turn-off of Q4 . Output voltage remains . Q4 shorted. 
by opening the emitter low 
of Q12 


Output voltage rises b, Reconnect lead and pro- 
ceed to Step 3, 


Check turn-off of Q12 . Output voltage remains - Q12 shorted. 
by shorting Q5 emitter to low 


collector 
Output voltage rises . Reconnect lead and pro- 


ceed to Step 4, 


Table 5-6, Series Regulator Troubleshooting, Low Voltage Condition (Continued) 


STEP ACTION RESPONSE PROBABLE CAUSE 


Isolate fault to either con- . Output voltage rises . Check Q2A for short, Q2A 
stant voltage comparator or for open; open strap be- 
constant current comparator tween A6 and A7 or short- 
by opening the cathode of ed R16 or R17, 

CR4 


Output voltage remains . Reconnect lead and pro- 
low ceed to Step 5. 


Check turn-on of Q5 by . Output voltage remains . Q5 open. 
shorting Q1A emitter to low 


collector 
Output voltage rises . Disconnect short, Check 


Q1A for open, Q1B for 
short. Check for open 
strap between A2 and A3, 
Check R9 and R1O for 
short. 


NOTE: If trouble still exists, check preregulator, Table 5-7, 


Table 5-7, Preregulator Troubleshooting 


STEP ACTION RES PONSE PROBABLE CAUSE 


CAUTION: Test equipment must be used floating for these tests, 
NOTE: For these tests, refer to waveforms next to schematic. 


Connect oscilloscope be- a. Normal waveform . Defective CR25 (6264B, 

tween TPS9 and TP81 6267B; CR25 and CR26), 
CR40 (CR39 and CR40), 
R84 (R83 and R84), Tl, 
CR21 or CR24, 


Little or no voltage . ‘Defective Q18, Q19 or 
C18. Proceed to Step 2. 


Connect oscilloscope be- . Amplitude incorrect . Defective Q22, C15, 
tween TP73 and TP81 CR43, CR44, R78, R87 or 
R86, 


Period incorrect . CR38 defective, Proceed 
to Step 4, 


Connect oscilloscope be- . Amplitude, dc refer- . Defective CR27, CR28, 
tween TP64 and TP81 ence or period in- CR33 or CR36, Proceed to 
correct Step 4, 


Connect oscilloscope be- . Amplitude or period . Defective CR27, CR31l, 
tween TP67 and TP81 incorrect CR33, Check R68, R69, 
C15 and Cl6, 


$-62 Table 5-7 contains troubleshooting of the 
preregulator feedback loops, This is accomplished 
by comparing listed waveforms with. those found at 
various test points and then listing most obvious 
components which might be at fault. 


5-63 After troubleshooting unit, it may be neces=- 
sary to perform one or more of the calibrations 
listed in this section, 


REFERENCE 
DESIGNATOR 


Q6, 7 


Table 5-8, 


Ig = 15A; vee = 4V. Voeo (sus.) = 
= 0, 2A; Ip = 0. 


Table 5-9, 


Constant voltage differential amplifier 


Constant current differential amplifier 


Qs, Qll 


Mixer amplifier 


Q4, Q12 Error amplifiers and driver 


Q6, Q7 Series regulator 


Q8, Q9 


Reference regulator 


Q10 Clamp circuit 
Q18, 19, 22 SCR control 
Q24, Q25 Crowbar 
CR1, CR2 Limiting diodes 


CR3, CR4, CRS 


OR-gate diodes and limiting diode 


5-64 REPAIR AND REPLACEMENT 


5-65 Before servicing a printed wiring board, refer 
to Figure 5-12. Section VI of this manual contains 
a list of replaceable parts. Before replacing a semi- 
conductor device, refer to Table 5-8 which lists the 
special characteristics of selected semiconductors. 
If the device to be replaced is not listed in Table 
5-8, the standard manufacturers' part number listed 
in Section VI is applicable, After replacing a semi- 
conductor device, refer to Table 5-9 for checks and 
adjustments that may be necessary. 


Selected Semiconductor Characteristics 


CHARACTERISTICS 


hpg = 25 min, @ I, = 15A; Vop = 4V. VcE (sat.) = 
1V max, @ I, = 15A; Ip = 1.5A. Vpe = 1V max. @ 
25V min, @Ic¢ 


SUGGESTED 
@@ PART NO. REPLACEMENT 


1854-0245 2N3771 R.C.A, 


Checks and Adjustments After Replacement of Semiconductor Devices 


REFERENCE FUNCTION CHECK ADJUST 


Constant voltage (CV) R6 or R8 


line and load regulation, 
Zero Volt output, 


Constant current (CC) R25 or R28 


line and load regulation, 
Zero current output, 


CV/CC load regulation, 
CV transient response, 


CV/CC load regulation, 
CV/CC load regulation, 


Reference circuit line 
regulation, 


CC load regulation, 
Output voltage, 
Trip voltage, 

CV load regulation, 


CV/CC load regulation, 


Table 5-9, 


CR10, 12-14, 
CR21-24, 31, 
CR33, 27, 28 


Rectifier diodes 


CR34 


Protection diode 


CR25 (and 
CR26) 


Preregulator 
VR1 Positive reference voltage 


Negative reference voltage 


Bias voltage 


Bias voltage 


5-66 ADJUSTMENT AND CALIBRATION 


5-67 Adjustment and calibration may be required 
after performance testing, troubleshooting. or re- 
pair and replacement. Perform only those adjust- 
ments that affect the operation of the faulty cir- 
cuit and no others. 


5-68 METER ZERO 


5-69 The meter pointer must rest on the zero cali- 
bration mark on the meter scale when the instru- 
ment is at normal operating temperature, resting 
in its normal operating position, and the instru- 
ment is turned off. To zero-set the meter proceed 
as follows: 

a. Turn on instrument and allow it to come 
up to normal operating temperature (about 20 min- 
utes). 

b. Turn the instrument off. Wait one minute 
for power supply capacitors to discharge complete- 
ly. 

c. Insert sharp pointed object (pen point or 
awl) into the small identation near top of round 
black plastic disc located directly below meter 
face. 

d. Rotate plastic disc clockwise (cw) until 
meter reads zero, then rotate ccw slightly in order 
to free adjustment screw from meter suspension, 

If pointer moves, repeat steps c and d, 


5-70 VOLTMETER TRACKING 


5-71 To calibrate the voltmeter, proceed as fol- 


Checks and Adjustments After Replacement of Semiconductor Devices (Continued) 


REFERENCE FUNCTION 


CHECK ADJUST 


Voltage across appropri- 
ate filter capacitor. 


Output voltage, 


Output voltage, 


Positive reference 
voltage (+6, 2V). 


Negative reference 
voltage (-6, 2V). 


lows: 

a. Connect differential voltmeter across 
supply, observing correct polarity. 

b. Turn on supply am adjust VOLTAGE con- 
trols until differential voltmeter reads exactly the 
maximum rated output voltage. 

c. Adjust R56 until front panel voltmeter 
also indicates maximum rated output voltage. 


5-72 AMMETER TRACKING 


5-73 To calibrate ammeter tracking, proceed as 
follows: 
a. Connect test setup shown on Figure 5-10. 
b. Turn VOLTAGE controls fully clockwise. 
c,. Turn on supply and adjust CURRENT con- 
trols until differential voltmeter reads 0.5Vdc. 
d. Adjust R63 until front panel ammeter 
indicates maximum rated output current, 


5-74 CONSTANT VOLTAGE PROGRAMMING CURRENT 


5-75 Zero Output Voltage. To calibrate the zero 
Volt programming accuracy, proceed as follows: 

a. Connect differential voltmeter between 
+S and -S terminals. 

b. Short-out voltage controls by connecting 
jumper between terminals Al and -S, 

c. Rotate CURRENT controls fully clockwise 
and turn on supply. 

d. Observe reading on differential voltmeter. 

e. If it is more positive than 0 Volts, shunt 
resistor R6 with decade resistance box. 

f. Adjust decade resistance until differen- 
tial voltmeter reads zero, then shunt R6 with re- 


sistance value equal to that of the decade resist- 
ance. 

g. If reading of step d is more negative than 
0 Volts, shunt resistor R8 with the decade resist- 
ance box, 

h, Adjust decade resistance until differen- 
tial voltmeter reads zero then shunt R8 with re- 
sistance value equal to that of the decade box. 


S-76 CV Programming Accuracy. To calibrate the 


constant voltage programming current, proceed as 
follows: 

a, Connect a 0,1%, 1/8 Watt resistor be- 
tween terminals -S and A3 on rear barrier strip, 


Model Value Model Value 
62S56B 2K 6265B,6266B,6267B 8K 
6263B,6264B 4K 6271B 18K 


b. Disconnect jumper between Al and A2 on 
rear terminal barrier strip. 

c. Connect a decade resistance in place of 
R13, 

d. Connect a differential voltmeter between 
+S and -S and turn on supply. 

e. Adjust decade resistance box so that dif- 
ferential voltmeter indicates maximum rated output 
voltage. 

f. Replace decade resistance with resistor 
of appropriate value in R13 position. 


5-77 CONSTANT CURRENT PROGRAMMING CURRENT 


5-78 Zero Output Current. To calibrate the zero 
current programming accuracy, proceed as follows: 

a. Connect test setup shown on Figure 5-10, 

b. Short out current controls by connecting 
jumper between terminals A4 and AS. 

c. Rotate VOLTAGE controls fully clockwise 
and turn on supply. 

d. Observe reading on differential voltmeter. 

e. If it is more positive than 0 Volts, shunt 
resistor R25 with a decade resistance box, 

f. Adjust decade resistance until differen- 
tial voltmeter reads zero, then shunt R25 with re- 
sistance value equal to that of decade resistance, 

g. If reading of step d is more negative than 
0 Volts, shunt resistor R28 with decade resistance, 

h. Adjust decade resistance until differen- 
tial voltmeter reads zero, then shunt R28 with re- 
sistance value equal to that of decade box. 


5-79 CC Programming Accuracy. To calibrate the 
constant current programming current, proceed as 
follows: 

a. Connect power supply as shown in Fig- 
ure 5-10, 

b, Remove strap between AS and A6. 

c. Connect a 0.1%, 1/8 Watt resistor be- 
tween A4 and A6. 


Model Value Model Value 
6256B,6264B 2000 62658,6271B 900A 
6263B,6266B 1Ka 6267B 1000a 


uo 


=17 


d. Connect decade resistance box in place 
of R19, 

e, Adjust the decade resistance so that the 
differential voltmeter indicates 0, 5Vdc. 

f. Replace decade resistance with appro- 
priate value resistor in R19 position. 


5-80 TRANSIENT RECOVERY TIME 


5-81 To adjust the transient response, proceed 
as follows: 

a. Connect test setup as shown in Figure 
5-8, 

b, Repeat steps a through h as outlined in 
Paragraph 5-35, 

c. Adjust R30 so that the transient response 
is as shown in Figure 5-8, 


5-82 RIPPLE IMBALANCE 


5-83 This procedure ensures that the power dis- 
sipated by the two preregulator SCR's is approxi- 
mately equal (within 25%), To check for imbalance 
proceed as follows: i 

a, Connect proper load resistance across 
output terminals of supply, 

b, Connect oscilloscope (ac coupled) be- 
tween TP47 and TP81 (across series regulator). 

c, Turn on supply and adjust VOLTAGE con- 
trols for maximum rated output, 

d. Adjust oscilloscope to observe 120Hz 
sawtooth waveform, Peak amplitudes of adjacent 
sawtooth peaks should be within 25% of eachother. 

e, If amplitude difference is greater than 
25%, turn off supply and replace R78 with decade 
resistance, 

f, Turn on supply and adjust decade resist- 
ance to reduce imbalance to within 25%. 

g. Vary input line voltage and insure that 
imbalance does not exist anywhere within the line 
rating, 


5-84 PREREGULATOR TRACKING 


5-85 To adjust the voltage drop across the series 
regulator, proceed as follows: 

a. Connect test setup shown on Figure 5-3 
except connect dc voltmeter across series regulator 
(TP47 and TP81) and attach a variac to the input ac 
line. 

b. To check drop at low output voltage, turn 
on supply, short out load resistor, and adjust VOLT- 
AGE controls for maximum rated output current on 
front panel meter. 

c. Adjust R75 until voltmeter indicates 3.7V. 

d. To check voltage drop at high output volt- 
age, remove short across RL, and adjust VOLTAGE 
controls for maximum rated output current. 

e. Vary input line voltage between 103 and 
126Vac, Voltmeter reading should be between 3.1 
and 4.3V. If not, proceed with step f. 


f. Replace R76 with decade box. Vary line 
voltage between 103 and 126Vac and adjust decade 


box until voltmeter reading is between 3.1 and 4.3V. 


Replace decade box with an equivalent resistor. 
5-86 CROWBAR TRIP VOLTAGE 


5-87 To adjust R109, proceed as follows: 

a, Turn screwdriver adjustment, R109, fully 
clockwise. 

b, Turn on supply. 


c, Set voltage output to desired trip voltage, 


d, Turn R109 slowly counterclockwise until 
the crowbar is tripped (meter falls to zero volts). 


e. Turn off supply and turn down output 
voltage. 

f. Turn on supply and set desired output 
voltage. 


NOTE 


It is recommended that the crowbar be 
set to no less than 7% of the desired 
output voltage, plus one Volt, -in order 
to avoid false tripping of the "crow- 
bar", 


Excessive heat or pressure can lift the copper strip from the board. Avoid damage by using a 
low power soldering iron (50 watts maximum) and following these instructions. Copper that lifts 
off the board should be cemented in place with a quick drying acetate base cement having good 
electrical insulating properties. 


A break in the copper should be repaired by soldering a short length of tinned copper wire 
across the break, 


Use only high quality rosin core solder when repairing etched circuit boards. NEVER USE 
PASTE FLUX. After soldering, clean off any excess flux and coat the repaired area witha 
high quality electrical varnish or lacquer. 


When replacing components with multiple mounting pins suchas tube sockets, electrolytic capa- 
citors, and potentiometers, it will be necessary to lift each pin slightly, working around the 
components several times until it is free. 


WARNING: If the specific instructions outlinedinthe steps below regarding etched circuit boards 
without eyelets are not followed, extensive damage to the etched circuit board will result. 


1. Apply heat sparingly to lead of component 2. Reheat solder in vacant eyeletand quickly 
tobe replaced. If lead of component passes insert a small awl to cleaninside of hole. 

through an eyelet If hole does 

in the circuit not have an CONDUCTOR 

board, apply we r eyelet, in- SIDE 

heat on com- —F, sert awl or 

ponent side : a a #57 drill 

of board. If 5 : from con- 


lu. 


lead of com- ductor side 


ponent does 4 | of board. 
not pass through an 
eyelet, apply Heat to conductor side of board. 


4. Hold part against board (avoid overheating) 
3. Bend clean tinned lead on new part and and solder leads. 
carefully insert <= Apply heat to compo- 
through eyelets or nent leads on correct 
holes in board. side of board 
as explained 


\vceaseas)( sssesassssas¢eretse))| ¢esegze) in step 1, 


In the event that either the circuit boardhas been damaged or the conventional method isimprac- 
tical, use method shown below. Thisis especially applicablefor circuit boards without eyelets. 


1. Clip lead as shown below. 2. Bend protruding leads upward. Bend lead 
of new APPLY 
component SOLDER 

around pro- 

truding lead. 

Apply solder 

using a pair 

of long nose pliers as a heat sink. 


TILL Meleddedtedededededledclededededades, MILITIA 


This procedure is used in the field only as an alternate means of repair. It is not used within 
the factory. 


Figure 5-12. Servicing Printed Wiring Boards 


SECTION VI 
REPLACEABLE PARTS 


6-1 INTRODUCTION 


6-2 This section contains information for ordering 
replacement parts. 


6-3 Table 6-4 lists parts in alpha-numerical order 
of the reference designators and provides the fol- 
lowing information: 

a. Reference Designators. For abbreviations, 
refer to Table 6-1. 

b. Description. Refer to Table 6-2 for abbre- 
viations. 

c. Total Quantity (TQ) used in the instru- 
ment; given only first time the part number is 
listed. 

d. Manufacturer's part number. 

e. Manufacturer's code number. Refer to 
Table 6-3 for manufacturer's name and address. 

f. @ Part Number. 

g. Recommended spare parts quantity (RS) 
for complete maintenance of one instrument during 
one year of isolated service. 

h. Parts not identified by a reference desig- 
nator are listed at the end of Table 6-4 under Mis- 
cellaneous. 


6-4 ORDERING INFORMATION 


6-S To order a replacement part, address order or 
inquiry to your local Hewlett-Packard sales office 
(see lists at rear of this manual for addresses), 


6-6 Specify the following information for each 
part: 

a. Model and complete serial number of 
instrument. 

b. Hewlett-Packard part number. 

c. Circuit reference designator. 

d. Description. 


6-7 To order a part not listed in Table 6-4, give 
a complete description of the part and include its 
function and location. 


Table 6-1. Reference Designators 


CR = diode 


DS = device, 
signaling (lamp) 


= assembly 
motor 


= capacitor 


Table 6-1. 


Lae) 


POVZH AM 


misc, electronic 
part 

= fuse 
jack 

= relay 


inductor 
meter 


= plug 


transistor 


= resistor 


Table 6-2. 


amperes 
carbon 
ceramic 
coefficient 
common 
composition 
connection 
cathode-ray 
tube 
deposited 
electrolytic 
encapsulated 
farads 
fixed 
germanium 
ground (ed) 
henries 
mercury 
impregnated 
insulation (ed) 
kilo = 1000 
linear taper 
logarithmic 
taper 
milli = 1073 
megohms 
= milliamperes 
= micro = 10-6 
manufacturer 
mounting 
= mylar 
= normally 
closed 
neon 
normally open 


tH 8 86. Been 


Reference Designators (Continued) 


= thermistor 
switch 
transformer 

= vacuum tube, 
neon bulb, 
photocell, etc. 

= socket 
fuseholder 
lampholder 

= network 


Description Abbreviations 


= order by descrip- 


fat 2 hw 


nouou 


tion 

peak 

printed circuit 
board 
picofarads = 
10-12 farads 
peak-to-peak 
parts per million 
position(s) 
polystyrene 
potentiometer 
peak reverse 
voltage 
rectifier 

rotary 
root-mean-square 
slow-blow 
section(s) 
silicon 

silver 

slide 

time delay 
titanium dioxide 
toggle 

tolerance 
trimmer 
traveling wave 
tube 

variable 


= with 


watts 

without 
cabinet mount 
only 


Table 6-3, 


CODE 
No, | MANUFACTURER ADDRESS 


EBY Sales Co, New York, N.Y, 
Aerovox Corp. New Bedford, Mass. 
Sangamo Electric Company, 

Ordill Division (Capacitors) Marion, Ill. 
Allen Bradley Co, Milwaukee, Wis. 
Litton Industries, Inc. 

Beverly Hills, Calif. 
TRW Semiconductors, Inc. 
Lawndale, Calif, 
Texas Instruments, Inc, Semiconductor- 

Components Division 
RCL Electronics, Inc, 
Amerock Corp. 
Ferroxcube Corp. of America 

Saugerties, N.Y, 
Fenwal Laboratories Morton Grove, Ill. 
Amphenol-Borg Electronics Corp. 

Broadview, I1I1, 
Radio Corp. of America, Commercial 
Receiving Tube and Semiconductor Div. 

Somerville, N.J. 
G.E. Semiconductor Products Dept. 

Syracuse, N.Y. 
Compton, Calif. 


Manchester, N. H. 
Rockford, Ill, 


Eldema Corp. 
Transitron Electronic Corp, 
Wakefield, Mass. 
Pyrofilm Resistor Co, Cedar Knolls, N.J. 
Arrow, Hart and Hegeman Electric Co. 
Hartford, Conn, 
ADC Electronics, Inc, Harbor City, Calif. 
Caddell-Burns Mfg. Co, Inc. 
Mineola, N.Y. 
Dymec Division of 
Hewlett-Packard Co, Palo Alto, Calif, 
Motorola, Inc. , Semiconductor 
Products Division Phoenix, Arizona 
Westinghouse Electric Corp. 
Semi-Conductor Dept. Youngwood, Pa. 
Ultronix, Inc. Grand Junction, Colo. 
Wakefield Engr. Inc. Wakefield, Mass, 
The Bassick Co. Bridgeport, Conn, 
North American Electronics, Inc, 
Lynn, Mass. 
Amathom Electronic Hardware Co. , Inc, 
New Rochelle, N.Y. 
Beede Electrical Instrument Co. , Inc. 
Penacook, N.H. 
General Devices Co., Inc, 
Indianapolis, Ind. 
Nuclear Corp. of America, Inc., 
U.S. Semcor Div. Phoenix, Arizona 


Code List of Manufacturers 


E 
MANUFACTURER ADDRESS 


Torrington Mfg. Co,, West Div. 


Transistor Electronics Corp. 


Westinghouse Electric Corp. 
Electronic Tube Div. Elmira, N, Y. 
Fairchild Semiconductor Div. of 
Fairchild Camera and Instrument Corp. 
Mountain View, Calif. 
Birtcher Corp., The Los Angeles, Calif. 
Sylvania Electric Products Inc. 
Mountain View Operations of 
Sylvania Electronic Systems 
Mountain View, Calif. 
Burlington, Iowa 


I. R. (G. Ines 
Continental Device Corp. 
Hawthorne, Calif. 
Raytheon Mfg, Co. , Semiconductor Div. 
Mountain View, Calif. 
Reliance Mica Corp, Brooklyn, N.Y. 
Sloan Company Sun Valley, Calif. 
Vemaline Products Co, Franklin Lakes, N.J. 
Nylomatic Corp. Morrisville, Pa. 
Hewlett-Packard Co, , Harrison Division 
Berkeley Heights, N.J. 
C & K Components Newton, Mass, 
CTS of Berne, Inc. Berne, Ind. 
Chicago Telephone of California, Inc, 
So, Pasadena, Calif, 
IRC Inc, Boone, N.C. 
General Instrument Corp, , Semiconductor 
Prod. Group, Rectifier Div. Newark, N.J. 
Philadelphia Handle Co, , Inc, 
Camden, N.J. 
Lake Mills, Wisconsin 
Dover, N.H. 


Hamlin Inc, 
Clarostat Mfg. Co, 
Hewlett-Packard Co, , 

Loveland Division Loveland, Colo, 
Cornell-Dubilier Elec, Corp. Newark, N.J. 
General Instrument Corp. , Semiconductor 

Prod. Group, Semiconductor Div, 

Hicksville, N.Y, 
Daven Div. of Thos. Edison Industries. 

Mc Graw Edison Co, Livingston, N.J. 
Corning Glass Works, 

Electronic Components Div. 


Delco Radio Div. of General Motors Corp. 


Atlantic Semiconductors, Inc, 


Van Nuys, Calif. 


Minneapolis, Minn. 


Raleigh, N.C, 
Kokomo, Ind. 


Asbury Park, N.J. 


Table 6-3, 


MANUFACTURER ADDRESS 


Fairchild Mountainview, Calif, 
The Bendix Corp, , Eclipse Pioneer Div. 
Teterboro, N.J, 
Electra Mfg. Co. Independence, Kan. 
Fansteel Metallurgical Corp, 
No, Chicago, IIl. 
Union Carbide Corp., Linde Div. , 
Kemet Dept, Mountain View, Calif, 
ITT Semiconductors, A Division of 
International Telephone & Telegraph 
Corp. Palo Alto, Calif, 
General Electric Co, Schenectady, N.Y, 
General Electric Co., Lamp Division 
Nela Park, Cleveland, Ohio 
General Radio Co, West Concord, Mass, 
Dynacool Mfg. Co. Inc Saugerties, N.Y. 
National Semiconductor Corp. 
Santa Clara, Calif, 
Palo Alto, Calif. 
Kenilworth, N.J. 


Hewlett-Packard Co, 
Heyman Mfg. Co, 
G,.E., Tube Dept, Owensboro, Ky. 
Lectrohm, Inc. Chicago, IIl, 
P,R. Mallory & Co., Inc, Indianapolis, Ind, 
Muter Co. Chicago, Ill, 
Ohmite Manufacturing Co. Skokie, Ill, 
Penn Engr. Doylestown, Pa. 
Polaroid Corp. Cambridge, Mass. 
Raytheon Mfg. Co., Microwave and 

Power Tube Div. Waltham, Mass, 
Simpson Electric Co, Chicago, IIl, 
Sprague Electric Co. North Adams, Mass, 
Superior Electric Co, Bristol, Conn, 
Union Carbide Corp. New York, N.Y, 
Ward-Leonard Electric Co. 

Mt. Vernon, N.Y. 
Union City, N.J. 

Chicago, Il. 

Willoughby, Ohio 


Amperite Co., Inc, 
Belden Mfg. Co, 

Bud Radio, Inc. 
Bussmann Mfg. Div. of 
Mc Graw-Edison Co, 

CTS Corporation 
I, T, T. Cannon Electric Inc. 
Los Angeles, Calif, 
Centralab Div. of Globe Union, Inc, 
Milwaukee, Wis. 
The Cornish Wire Co, New York, N.Y, 
Coto-Coil Providence, R.I, 
Chicago Miniature Lamp Works 
Chicago, Ill, 
Chicago, Ill, 
Midland, Mich. 
Brooklyn, N.Y, 


St. Louis, Mo, 
Elkhart, Ind. 


Cinch Mfg. Co. 
Dow Corning Corp, 
Dialight Corporation 


Code List of Manufacturers (Continued) 


MANUFACTURER ADDRESS 


General Instrument Corp. , 
Capacitor Div. Newark, N.J. 
Drake Mfg. Co, Chicago, Ill, 
Elastic Stop Nut Corp. of America 
Union, N.J. 
Erie Technological Products, Inc, Erie, Pa. 
Helipot Div, of Beckman Instruments, Inc, 
Fullerton, Calif, 
Fenwal, Inc, Ashland, Mass, 
Hughes Components Division of Hughes 
Aircraft Co, Newport Beach, Calif, 
Amperex Electronic Co., Div. of North 
American Phillips Co., Inc, 
Hicksville, N.Y. 

Bradley Semiconductor Corp. 
New Haven, Conn, 
Hartford, Conn, 
Chicago, Ill, 


CODE 
NO, 


Carling Electric, Inc. 
Federal Screw Products, Inc. 
Hardwick Hindle Co, , 
Memcor Components Div. Huntington, Ind, 
Heinemann Electric Co. Trenton, N.J. 
Harvey Hubbel, Inc, Bridgeport, Conn. 
FXR Div. of Amphenol-Borg 
Electronics Corp. 
E, F. Johnson Co, 
International Resistance Co, 
Philadelphia, Pa. 
Howard B, Jones Div., of Cinch Mfg. Corp. 
(Use 71785) New York, N.Y. 
Kulka Electric Corp. Mt, Vernon, N.Y. 
Littlefuse, Inc. Des Plaines, Ill, 
J. W. Miller Co. Los Angeles, Calif. 
Cinch City of Industry, Calif. 
Oak Manufacturing Co, Crystal Lake, III. 
Bendix Corp. , Bendix-Pacific Div. 
No. Hollywood, Calif. 
Phaostron Instrument and Electronic Co. 
South Pasadena, Calif, 
Philadelphia Steel and Wire Corp. 
Philadelphia, Pa, 
American Machine and Foundry, 
Potter and Brumfield Div, Princeton, Ind, 
TRW Electronics, Components Div, 
Camden, N.jJ. 
Resistance Products Co. Harrisburg, Pa, 
Shakeproof Div. of Illinois Tool Works 
Elgin, Ill, 
St. Marys, Pa, 


Danbury, Conn. 
Waseca, Minn. 


Stackpole Carbon Co, 

Stanwyck Winding Co., Inc. 
Newburgh, N.Y. 

Tinnerman Products, Inc, Cleveland, Ohio 

Whitehead Metal Products Co., Inc, 

New York, N.Y, 


Table 6-3, 


MANUFACTURER ADDRESS 


Continental-Wirt Electronics Corp, 
Philadelphia, Pa. 

Mepco Div. of Sessions Clock Co, 
Morristown, N.J. 
Riverside, Calif, 
Racine, Wis. 


Bourns, Inc, 
Howard Industries, Inc. 
International Rectifier Corp, 

El Segundo, Calif. 
Columbus Electronics Corp, Yonkers, N.Y. 


Goodyear Sundries & Mechanical Co, , Inc. 
New York, N.Y. 
Sylvania Electric Products, Inc. , 
Emporium, Pa, 
Chicago, IIl. 


Electronic Tube Division 
Switchcraft, Inc. 
Metals and Controls, Inc. , 
Spencer Products Attleboro, Mass, 
Research Products Corp, Madison, Wis, 
Rotron Mfg. Co,, Inc. Woodstock, N.Y, 
Vector Electronic Co. Glendale, Calif, 
Carr Fastener Co, Cambridge, Mass. 
Victory Engineering Corp, Springfield, N.J. 
Bendix Corp, , Red Bank Div. 
Eatontown, N.j. 
Herman H. Smith, Inc. Brooklyn, N.Y. 
Central Screw Co, Chicago, IIl, 
Gavitt Wire and Cable Co,, Div. of 
Amerace Corp, Brookfield, Mass, 
Grant Pulley and Hardware Co. 
West Nyack, N.Y. 
Burroughs Corp,, Electronic 
Components Div. 
Yardeny Laboratories, Inc. 
Arco Electronics, Inc, Great Neck, N.Y. 
TRW Capacitor Div, Ogallala, Neb, 
Radio Corp. of America, Electronic 
Components & Devices Div. 
Harrison, N.J. 
Newark, N.J. 
Anaheim, Calif. 
Lansdale, Pa, 


Plainfield, N.J. 
New York, N.Y. 


Rummel Fibre Co. 
Marco Industries Co, 
Philco Corp. (Lansdale Div.) 


Code List of Manufacturers (Continued) 


MANUFACTURER ADDRESS 


Stockwell Rubber Co, , Inc. 
Philadelphia, Pa. 
B. M. Tower Co., Inc. Bridgeport, Conn, 
Cutler-Hammer, Inc. Lincoln, IIl1, 
General Electric Distributing Corp. 
Schenectady, N.Y. 
Miller Dial and Nameplate Co. 
El Monte, Calif. 
Dale Electronics, Inc. Columbus, Neb. 
Elco Corp, Willow Grove, Pa. 
Honeywell, Inc. , Micro Switch Div. 
Freeport, Ill. 
Sylvania Electric Prod,, Inc., Semicon- 
ductor Prod, Div, Woburn, Mass, 
Stevens Mfg. Co,, Inc, 
Raytheon Co., Components Div., Indus- 
trial Components Operation 
Mansfield, Ohio 
Quincy, Mass. 
Newark, N.]J. 
Chester, Pa. 


CODE 
NO. 


Tung-Sol Electric, Inc. 
South Chester Corp, 
Tru-Ohm Products, Memcor 

Components Div, 

Leecraft Mfg. Co., Inc, Huntington, Ind. 
Long Island City, N.Y. 
Methode Mfg. Co, Chicago, IIl. 
Dage Elect. Franklin, Ind, 
Amphenol Controls Div. of Amphenol- 

Borg Electronics Corp. Janesville, Wis. 
Sealectro Corp. Mamaroneck, N.Y. 
International Electronic Research Corp, 
Burbank, Calif, 
Boston, Mass, 


Renbrandt, Inc, 


THE FOLLOWING H-P VENDORS HAVE NO NUMBERS 
ASSIGNED IN THE LATEST SUPPLEMENT TO THE 
FEDERAL SUPPLY CODE FOR MANUFACTURERS 
HANDBOOK, 


Cooltron 
00000] Plastic Ware Co, 


Oakland, Calif, 
Brooklyn, N.Y, 


6-4 


Table 6-4. Replaceable Parts 


REF, one MFR, (hp s 
DESIG. CRIPTION TQ MFR. PART NO. CODE PART NO. R 


Cl fxd, elect Suf S0Vdc 30DS505G0S0BB2 0180-0301 
C2, 4, 8,14, 
21, 23, 24, 
192P10492 0160-0168 
192P10292 0160-0153 
192P10392 0160-0161 
150D475X9035B2 0180-0100 
obd 0180-1852 
33C17A 0150-0052 
obd 0180-0332 
fxd, elect 40, 000nf S0Vdc obd 0180-1931 
fxd, elect lpf 35Vdc 150D105X9035A2 0180-0291 
fxd, elect Syuf S0Vdc 30DS505G05 0BB2 0180-0301 
fxd, mylar . 22ynf 80V 192P2249R8 0160-2453 
fxd, elect 15yf SO0Vdc 150D156X0050R2 0180-1834 
fxd, elect 5000pnf 45Vdc obd 0180-1919 
fxd, elect 20uf SOVdc 30D206G0S5S0CC2 0180-0049 
fxd, paper . 047uf 600V 160P47396 0160-0005 
fxd, paper . 47pf 600V 161P47406 0160-2464 
fxd, paper . 047pf 600V 160P47396 0160-0005 
fxd, paper . lyf 400V 160P10494 0160-0013 
C32, 33 fxd, mylar . lyf 200Vde 192P10492 0160-0168 


NOT ASSIGNED 

fxd, mylar . lyf 200Vdc 
fxd, mylar , 0Oluf 200Vdc 
fxd, mylar . Olpf 200Vdc 
fxd, elect 4. 7pf 35Vdc 
fxd, elect 100uf 50Vdc 
fxd, ceramic . O5yf 500Vdc 
fxd, elect 325yf 35Vdc 


PRP PREP New l 
ee | 


ee oe ed 
| el el cel ool oe 


hw 


CRI-5 Rect. si, 200prv 
CR6,7, 

16-19, 29, 

35, 41, 42, 

48,49,53,54| NOT ASSIGNED -|- - 
CR8 3-Junction Stabistor = 1901-0460 
CR9 Rect. si. 200prv 1N485B 1901-0033 
CR10 Rect. si. 1A 200prv 1NS5059 1901-0327 
CR11 Rect, si. 20A SOprv A40F 1901-0323 
CR12-14 Rect. si. 1A 200prv 1NS5059 1901-0327 
CRIS Rect. si. 500mA 200prv 1N3253 1901-0389 
CR20 Rect, si. 200prv 1N485B 1901-0033 
CR21 Rect. si. 40A 100prv 1N1184AR 1901-0318 
CR22, 23 Rect. si, 40A 100prv 1N1184A 1901-0317 
CR24 Rect. si, 40A 100prv 1N1184AR 1901-0318 
CR25, 26 SCR 400prv 35A obd 1884-0058 
CR27,28,30-33] Rect. si, 200prv 1N485B 1901-0033 
CR34 Rect. si. 20A SOprv A40F 1901-0323 
CR36 Diode, si. Stab, 2. 4V 100mA 1N4830 1901-0460 
CR37-40 

43-47,50 Rect. si, 200prv 1N485B 1901-0033 
CRS1, 52 Rect. si, 15prv 400mW 1N4828 1901-0461 
CRSS Rect. si, 200prv 1N485B 1901-0033 
CRS6 Rect. si. 40A SOprv 1N1183A 1901-0315 
CRS7 SCR 400prv 35A obd 1884-0058 
CRS8-60 Rect. si, 200prv 1N485B 1901-0033 


hp 
“ 


1N485B 1901-0033 


DS1 Indicator Light - neon 599-124 1450-0048 
DS2 Indicator Light MCL-83-1738 1450-0306 
1G en 


Fl, 2 Fuse Cartridge, 10A 250V 314. 010 2110-0051 


6267B 
6-5 


21, 23 


R29, 34, 39, 
44, 49,55, 
80-82, 85, 
88, 89, 92, 
93,95, 
100,101 

R30 

R31 

R32 


Q14-17, 20, 


REF, 
DESIG, DESCRIPTION 


Filter, Line 


SS NPN diff. Amp si. 
Power NPN si, 

PNP si, 

SS PNP si, 

Power NPN si, (Selected) 
SS PNP si, 

SS NPN si, (Selected) 


SS PNP si. 
SS NPN si, (Selected) 
SS PNP si, 
SS NPN si, (Selected) 


NOT ASSIGNED 

SS NPN si, 

SS NPN si, (Selected) 
SS PNP si, 

SS NPN si, (Selected) 
SS NPN si, 


fxd, ww 1Kn +5% 3W 


fxd, met. film 15K, +1% 1/8W 
fxd, met. film 20K, +1% 1/8W 


fxd, comp 360K, +5% Ww 


fxd, comp 560Kn +5% + W 
fxd, ww 600n +5% 5W 
var, ww 10K, £5% 2W 
var, ww S0n +10% 2W 
fxd, ww 680, 45% 5W 
fxd, comp (Selected) }W 
fxd, comp 3. 3n 5% 4W 
fxd, comp 3, 3Mna +5% W 
var, ww 1Kn 5% 2W 

var. ww 100, +5% 2W 
fxd, ww 14K, +3% 2W 
fxd, comp (Selected) }w 
fxd, met. film 1K, 1% iW 
fxd, comp 1Kn +5% }W 


fxd, comp 360K, +5% 4W 


fxd, ww .05n 5% 10OW 
fxd, comp 560Kn +5% W 


NOT ASSIGNED 

var. WwW SKn 5% 2W 
fxd, comp 1Kn 45% 4W 
ww .05, 5% 10W 


fxd, met. film 6, 2Kn 1% 1/8W 


fxd, met. film 1.5K, +1% 1/8W 


fxd, met. film 61. 9K, 1% 1/8W 


fxd, met, film 6, 2Kn 1% 1/8W 
fxd, met. film 4, 75Kn 1% 1/8W 


fxd, met, film 1,5Kn 1% 1/8W 


obd 


2N4045 
40250 
40362 
2N2907A 
obd 
2N2907A 
obd 
2N2907A 
obd 
2N2907A 
obd 


2N3417 
obd 
2N2907A 
obd 
2N3417 


242E1025 
CEA T-O obd 
CEA T-O obd 
CEA T-O obd 
CEA T-O obd 
EB-3645 

CEA T-O obd 
EB-5645 
243E6015 
obd 

obd 
243E6815 
Type EB obd 
EB-33G5 
EB-3355 

obd 

obd 
222E14K00H 
Type EB obd 
CEB T-O obd 
EB-1025 

CEA T-O obd 
CEA T-O obd 
EB-3645 
CEA T-O obd 
HMAL-11 
EB-5645 


110-F4 obd 
EB-1025 
HMAL-11 
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MFR, 4p 
MFR, PART NO, CODE nA ; 


5080-7123 


1854-0221 
1854-0224 
1853-0041 
1853-0099 
1854-0225 
1853-0099 
1854-0071 
1853-0099 
1854-0071 
1853-0099 
1854-0071 


1854-0087 
1854-0071 
1853-0099 
1854-0071 
1854-0087 


0813-0001 
0698-5087 
0757-0446 
0757-0449 
0757-0427 
0686-3645 
0757-0460 
0686-5645 
0811-1860 
2100-1854 
2100-1858 
0811-2099 


0686-0335 
0686-3355 
2100-1847 
2100-1987 


0757-0338 
0686-1025 
0698-5087 
0757-0437 
0686-3645 
0757-0427 
0811-1887 
0686-5645 


2100-1824 
0686-1025 
0811-1887 


fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 


var. 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
var. 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
var. 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 
fxd, 


REF, 
DESIG. DESCRIPTION 


comp 330, +5% 4w 


met. film 1K, 1% 1/8W 
met. film 1.5K, +1% 1/8W 


comp 560, +1% Ww 
comp 10K, +5% 4w 
comp 33Kn +5% }W 


met. film 12K, 1% 1/8W 
met, film 6, 81K, +1% 1/8W 
met. film 510, 1% }w 


comp 5.1K, +5% }W 
comp 100K, +5% 3W 
comp 360”, +5% 1W 
met. ox, 200, 5% 2W 
comp 390, +5% 4W 
comp 30Kn +5% 4w 
comp 22Kn +5% WwW 
comp 10, +5% 3 w 


Cupron . 05, +20ppm 


ww 5K, 5% 2W 


met, film 47,5K, +1% 1/8W 


comp 100n +5% } Ww 
comp 3Kn 45% W 
ww 135n 5% 3W 


met. film 471, 41% 1/8W 


ww 250n 20% 1.5W 


met. film 7.5Kn +1% 1/8W 
met. film 5. 49K, +1% 1/8W 
met. film 100, 41% 1/8W 


ww 400, 5% 10W 
ww 220, +5% 2W 
comp 22, +5% 4W 
ww 1.5Ka 45% 2W 
comp 1, 8Kn 45% +w 
comp 9.1K, 45% 4W 
comp 100Kn 45% $W 
comp 4, 3K, 45% 4W 
ww 5Kn +5% 2W 
comp 390K, +5% +wW 
comp 4.7n 45% 4W 
comp 510, 45% 4W 
comp 2. 4K, 5% }W 
comp 22n +5% }W 
comp 100Kn +5% Ww 
comp 3, 3K, 5% }W 
comp 180K, +5% }W 
comp 15Kn 5% Ww 
comp 10Kn, +5% 3w 
met. ox, 560n 5% 2W 
comp 5, 1Kn 5% }W 
comp 270n +5% 4wW 
comp 100, +5% }W 
ww 0,125, +10% 5wW 
comp 100, 5% Ww 
ww 150, +5% SW 
comp 22, 5% }w 
met, film 470, 41% 4w 


EB-3315 
CEA T-O obd 
CEA T-O obd 
CEB T-O obd 
EB-1035 
EB-3335 

CEA T-O obd 
CEA T-O obd 
CEB T-O obd 
EB-5125 
EB-1045 
GB-3615 

C42S obd 
EB-3915 
EB-3035 
EB-2235 
EB-1005 

obd 

110-F4 obd 
CEA T-O obd 
EB-1015 
EB-3025 

Type 242E obd 
CEA T-O obd 


ll nel alll el oe ed oO Oo 


CEA T-O obd 
CEA T-O obd 
CEA T-O obd 
247E4015 
Type BWH obd 
EB-2205 
C42S obd 
EB-1825 
EB-9125 
EB-1045 
EB-4325 
110-F4 obd 
EB-3945 
EB-47G5 
EB-5115 
EB-2425 
EB-2205 
EB-1045 
EB-3325 
EB-1845 
EB-1535 
EB-1035 
C42S obd 
EB-5125 
EB-2715 
EB-1015 
CWS-2 obd 
EB-1015 
243E1515 
EB-2205 

CEB T-O obd 


Se 


~ 


6267B 
6-7 


MFR. fp Be 
TQ | MFR. PART NO. CODE | PART No. 


0686-3315 
0757-0280 
0757-0427 
0698-5146 
0686-1035 
0686-3335 
0698-5088 
0757-0439 
0698-5145 
0686-5125 
0686-1045 
0689-3615 
0698-3627 
0686-3915 
0686-3035 
0686-2235 
0686-1005 
06267-80001 
2100-1824 
0757-0457 
0686-1015 
0686-3025 
0812-0112 
0698-5514 
2100-0439 
0757-0440 
0698-3382 
0757-0401 
0811-0942 
0811-1763 
0686-2205 
0698-3338 
0686-1825 
0686-9125 
0686-1045 
0686-4325 
2100-1824 
0686-3945 
0698-0001 
0686-5115 
0686-2425 
0686-2205 
0686-1045 
0686-3325 
0686-1845 
0686-1535 
0686-1035 
0764-0015 
0686-5125 
0686-2715 
0686-1015 
0811-1846 
0686-1015 
0811-1217 
0686-2205 
0698-3506 


ltl ae el ee el oe ee 


el ae ell eel el el oe 


we 


fxd, comp 510, 5% 4W 
fxd, met, film 1.5K 1% 1/8W 


var, ww 10K, 5% 2W 
fxd, comp 200Kn 45% }W 
fxd, comp 10Kn 45% 3W 
fxd, comp 4,7, +5% }W 
fxd, comp 3, 9Kn 5% }W 
fxd, comp 120, +5% + W 


Switch, Toggle, DPST 


Transformer, Power 
Transformer, Bias 
Transformer, Pulse 


Diode, 
Diode, 
Diode, 
Diode, 


zener 6, 2V 250mW 
zener 4, 22V 400mW 
zener 6,19V 400mW 
zener 2. 37V 400mW 


MISCELLANEOUS 


Chassis Assembly, Includes Sides 
and Tray Riveted 
Chassis, Internal Tray 
Chassis, Left Side 
Chassis, Right Side 
Cover 
Panel, Front 
Chassis, Rear 
Heat Sink, Rear Chassis 
Printed Circuit Board, Blank 
P.C. Board, Includes Components 
Clamp, Cl3 
Bus Bar, Cl3 and Cl4 
Heat Sink, CR25 and CR26 
Brackets for Heat Sink 5020-5724 
Protective Cover, Printed Board Top 
Protective Cover, P,B. Bottom 
Handles 
Barrier Strip, Lower 
Barrier Strip, Upper 
Jumper, Lower Barrier Strip 
Jumper, Upper Barrier Strip 
Knob, Front Panel 
5 Way Binding Post, Maroon 
5 Way Binding Post, Black 
Spring, Meter 
Voltmeter, 0-S0V 
Ammeter, 0-12A 
Bezel, Meter 
Line Cord 
Strain Relief Bushing, Line Cord 
Serial I, D. Plate 
Guide, Printed Board, Plastic 
Clamp, C20 
Fuseholder 
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NeENNM NKR FY Pe 


NEPNEF EPP NORFPRPONF BREF RP EP NP ENP OP RPE DOPED eee 


B 


EB-S115 
CEA T-O obd 


obd 

EB-2045 
EB-1035 
EB-47G5S 
EB-3925 
EB-1215 


obd 
obd 
obd 


1N825 
1N749 
1N753 
1N4370 


obd 
obd 
obd 
obd 

obd 

obd 

obd 

obd 

obd 

obd 

obd 

obd 

obd 

obd 

obd 

obd 

obd 

601 YSY-6 

obd 

601J 
422-13-11-013 
obd 

obd 

obd 

obd 

obd 

obd 

obd 

obd 

SR6-P34 

obd 

obd 

4586-2B 
342014 


2GK50-73XSV1 


REF, MFR. ip RS 
DESIG. DESCRIPTION TQ | MFR. PART NO. Cope | PART NO. F " 


0686-5115 
0757-0427 
2100-1854 
0686-2045 
0686-1035 
0698-0001 
0686-3925 
0686-1215 


3101-0946 


06267-80091 
9100-2193 
5080-7122 


1902-1221 
1902-3070 
1902-0049 
1902-3002 


NRNM Fee 


5060-6156 
5000-6210 
§000-6211 
5000-6216 
5000-6212 
06267-60001 
5020-5739 
5020-5740 
5020-5721 
06267-60020 
06267-00001 
5000-6038 
5020-5724 
5000-6214 
5000-6215 
5020-5726 
5020-5715 
0360-1224 
0360-1237 
0360-1279 
0360-1143 
0370-0084 
1510-0040 
1510-9039 
1460-0256 
1120-1173 
1120-1176 
4040-0296 
8120-0852 
0400-0098 
7120-1541 
5040-0601 
0180-0078 
1400-0084 


PPP RP PPP P PNP PP Pee 


REF, : 
DESIG, DESCRIPTION 


Hex Nut, Fuseholder 
Lockwasher, Fuseholder 


MFR. 
MER EARN OS GOnE — NO. 


2950-0038 
2190-0715 


1400-0090 
2190-0037 
2190-0490 


Flat Neoprene Washer, Fuseholder 
Lockwasher, Fuseholder 

Shoulder Washer, Heat Sink Standoff 
Shoulder Washer, Heat Sink, CR25 


NNNM LY 
PRR ee 


and CR26 4 0340-0172 1 
Component Clip 1 obd 1400-0321 1 
Grommet, 5/8" Dia, 4 0400-0062 i 
Grommet, 7/8" Dia. 2 0400-0063 1 
Insulator, Q3,Q6,Q7 screws 6 obd 0340-0168 6 
Insulator, Q3,CR11, CR34 pins 3 obd 0340-0169 3 
Insulator, Q6,Q7 pins 4 obd 0340-0166 4 
Insulator, Mica, Q3 1 obd 0340-0180 1 
Insulator, Mica, Q6,Q7 2 obd 0340-0181 2 
Insulator, CR26, Flat, Top 1 H4021 0340-0175 i 
Insulator, CR26 pin 1 obd 0340-0171 1 


Shoulder Washer, CR21 thru CR24, 
and CR26 
Insulator, Mica, CR21 thru CR24, 


a 


obd 2190-0898 


a 


CR11, and CR34 6 obd 2190-0710 6 
Fastener, DS1, DS2 2 C17373-012-24B 0510-0123 2 
Bushing, Potentiometer R109 ut obd 1410-0052 1 
Nut, Hexagon, R109 1 obd 2950-0034 a 
Spacer, Hexagon, SCR Heat Sink 4 #6 x 3/8 obd 0380-0183 ut 
Standoff, Hexagon, SCR Heat Sink 2 8-32 x 1/2 obd 0380-0136 1 
Standoff, Sensing Resistor R54 2 6-32 x 1/2 obd 0380-0093 1 
Insulated Terminal, SCR Heat Sink 1 7A1-A6 0360-1449 1 
Cable Clamp, 3/8 I. D. 1 | obd 1400-0332 1 
Cable Clamp, 1/41, D. 2 obd 1400-0330 1 
Ground Lug, Chassis 1 #6 Int. obd - 
Ground Lug, Standoff 2 #8 Int. obd 
Ground Lug, CR21 thru CR24 4 #1/4 Int. obd 
Carton 1 obd 9211-0856 
Floater Pad 2 obd 9220-1225 
Standoff, Swage 2 obd 0380-0391 


OPTION 05: 
50Hz AC Input 


fxd, comp 750Kn +5% W 
fxd, comp 270n 5% }W 


0686-7545 
0686-2715 


OPTION 07: 
10-Turn Voltage Control 


var. ww 10K, 5% 10-Turn 2W 
Knob, R10, Black 


2100-1866 
0370-0137 
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REF, Baars MFR, *B Re 
DESIG. CRIPTION TQ MFR. PART NO. GOnE PART NO. 


OPTION 08: 
10-Turn Current Control 


2100-1864 
0370-0137 


var. ww 1Kn 5% 10-Turn 2W 
Knob, R16, Black 


OPTION 09: 
10-Turn Voltage & Current Controls 


2100-1866 
2100-1864 
0370-0137 


var. ww 10K, £5% 10-Turn 2W 
var. ww 1Ka 5% 10-Turn 2W 
Knob, R10 and R16, Black 


OPTION 10: 
Chassis Slides 


1490-0872 


SS-168NT20-21 


OPTION 13: 
3-Digit Decadial Voltage Control 


2100-1866 
0370-0137 
1140-0020 


var. ww 10K, +5% 10-Turn 2W 
Knob, R10, Black 
3-Digit Decadial 


OPTION 14: 
3-Digit Decadial Current Control 


2100-1864 
0370-0137 
1140-0020 


var, ww 1Ka 5% 10-Turn 2W 
Knob, R16, Black 
3-Digit Decadial 


OPTION 15: 
3-Digit Decadial 
Voltage & Current Controls 


var. ww 10K, 5% 10-Tum 2W 
var, ww 1Kn £5% 10-Turn 2W 
Knob, R10 and R16, Black 
3-Digit Decadial 


2100-1866 
2100-1864 
0370-0137 
1140-0020 
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SECTION VII 
CIRCUIT DIAGRAMS 


This section contains the circuit diagrams neces- 
sary for the operation and maintenance of this 
power supply. Included are: 

a, Component Location Diagrams, Figures 


7-1 and 7-2 show the physical location and refer- 


ence designators of parts mounted on the printed 


wiring board and chassis. 

b. Schematic Diagram, Figure 7-3 illustrates 
the circuitry for the entire power supply. Voltages 
are given adjacent to test points, identified by en- 
circled numbers on the schematic and printed wir- 
ing board, 
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Figure 7-1, Main Chassis, 
Component Location Diagram & 
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fe 8.33MS a EE Panel 


TEST POINT 51 TEST POINTS 53(+)-54(-) TEST POINTS 53(+)—54(-) 
(62648,6267B ONLY) (62568 ONLY) 


i 
————  +0.7V 
+0.6V 
-I7V 


8.33MS Vener 33MS x 


TEST POINTS 64 & 67 TEST POINT 73 
NOTES: 
|. ALL WAVEFORMS TAKEN WITH NOMINAL INPUT AT MAXIMUM RATED OUTPUT VOLTAGE AND NO LOAD 
CONNECTED. AMPLITUDES ARE TYPICAL 410%. 
2.0SCILLOSCOPE DC COUPLED AND REFERENCED TO INBOARD SIDE OF CURRENT SAMPLING RESISTOR 


UNLESS OTHERWISE INDICATED. 
3.WAVEFORMS NOT DRAWN TO SCALE. 


Figure 7-2, Preregulator 
Control Circuit Waveforms 
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Figure 7-3, Printed Circuit Board 
Component Location Diagram 
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APPENDIX A 
MANUAL BACKDATING CHANGES 


Manual backdating changes describe changes necessary to adapt this manual to earlier instruments. To 
adapt this manual to serial numbers prior to 8G0270, inspect the following table for your serial number and 
then make the appropriate changes, For serial numbers 8G0301 and up, check for inclusion of a change 
sheet, 


MAKE 
CHANGES 


Prefix 


0161-6270 
6101-C2160 


CHANGE 1: In replaceable parts table and on schematic, make the following changes: 
R108: Change to 1.33Ka 1% 1W, @ Part No. 0698-3134, 
R109: Delete (open circuit), 


CHANGE 2: In replaceable parts table and on schematic, make the following changes: 
Heat Sink (Rear): @2 Part No, 06264-20002, 
R63: Change to 100,-110n variable, @ Part No, 2100-0281. 


a] 


MANUAL CHANGES 


Model 6267B DC Fower Supply 
Manual Serial Number Pretix €G 


Make all corrections in the manual according to errata below, then check tne following table for your pow: 
supply serial number and enter any listed change(s) in tic manual, 


" until the front pane! meter 


read: 


SEpiee MAKE | 


ALL - 
8G 0161 - 0270 
8G 0271 - up 


ERRATA: 


In Table 6-4, under Option 05, add R78, fxd comp 
270n, £5%, +W, EB-2715, 01121, @ Part No. 
0686-2715, 


On Page 3-4, Paragraph 3-32, change 2.5mA to 


area 
Vevinir, 


In Figure 3-9, add 4 connection between the (-) 
terminal of the master and the (+) terminal of slave 
number 1; change the right hand terminal of the 
same master from +S to -S. 


On Page 4-4, Paragraph 4-25, the text should 
read: ",.. transistor Q19 is turned off and Q18 is 
turned on. The conduction of Q18 allows capaci- 
tor C18 to..." 


On Page 4-6, in Paragraph 4-52, change DS1 to 
DS2 wherever it appears. 


In Figure 5-3 and 5-10, the correct value of load 
sistance for Model 62678 is 4n, 400 watt, +5%. 


On Pages 5-3 and 5-8, in Paragraphs 5-12 and 
5-46, add the following note: Load regulation 
specifications must be measured at the rear output 
terminals, not at the front terminals. 


On Page 5-3, Paragraph 5-13, step c should read: 
"|, until front panel meter indicates maximum 
rated output voltage. " 

On Page 5-4, in Paragraph 5-20, the last sentence 
should read: "... leads connecting these termi- 
nals to the scope terminals, the scope case and 
the third wire of the scope line cord." 


On Page 5-5, in Paragraph $-27, the text should 
read: "The circuit of Figure 5-5 can also be 
used..." 


On Page 5-7, in Paragraph 5-35, step b should 


ever is less," 


On Page 5-7, in Paragraph 5-38, the text should 
read: "...,which will result over any 19°C inter- 
val," 


On Pace 5-8, in Paragraph 5-45, steps b andc 
should read as follows: 
b. Turn VOLTAGE controls fully clockwise, 
c, Turn on susply and adjust CURRENT controls 
until front panel ammeter indicates maximum 
rated output current, 


In Table 5-3, under Poor Load Regulation, (Con- 
stant Current), step c shouid read: "C19, C20, 
leaky, " 


In Step 4 of Table 5-5, the instruction should 
read "Check tum-off of Q5 by shorting Q138 emitter 
to collector, * 


CHANGE 1: 


in Table 6-4, make the following chances: 
Change "Heat-Sini, Kear Chassis" to @ Part No, 
5020-5740. 
Chence "Chassis, 
5735. 


Rear" to # Part No. 5020- 


On Figure 7-3 and Table 6-4, change R&3 te var. 
ww, 250n, £20%c, 1.5W, @ Part No. 2100-0439, 


CHANGE 2: 
A‘ 
In the replaceabie parts list and on the schematic, 
make the following changes: 
R108: fxd, met, film 1.33Ka £1% 1/8W, 73 Part 
No, 0698-3134, 
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ANGOLA 
Telectra 
Empresa Técnica de Equipamentos 
Bléctricos, SARL, 

R. Barbosa Rodrigues, 

414°DT.° 
Caixa Postal, 6487 

Luanda 
Tel: 35515/6 

ARGENTINA 
Hewlett-Packard Argonting S.A. 
Santa Fe 2035, Martinaz 

6140 Buenos Alros 

Tek 792-1239, 798-6083 

Telex: 122443 AR CIGY 

Biotron S.A.CLy M. 

Avda. Paseo Colon 221 

9 piso 

1399 Buenos Aires 

Tek: 30-4846/ 1851/8384 
34-9356/0460/4551 

__ Telax: (33) 17595 BIO AR 

AUSTRALIA 
AUSTRALIA CAPITAL 
TERR. 

Hewlett-Packard Australis Piy, Lid, 
121 Wollongong Streat 
Fyshwick, 2609 

Tek 804244 

Telex: 62650 

NEW SOUTH WALES 
Hewlett-Packard Australia Pty. Ltd. 
31 Bridge Street 

Pymble, 2073 

Tok 4496566 


Telex 21581 

QUEENSLAND 

Hewlett Packard Australia Pty, Ltd, 

5th For 

Teachers Union Building 

495-499 Boundary Street 

Spring Hill, 4000 

Tek 2291544 

SOUTH AUSTRALIA 

Hewlett-Packard Australia Pty. 
Lid 

153 Greenhill Road 

Parkside, 5063 

Tek: 2725911 

Telex: 82536 

VICTORIA 

Hewlett-Packard Australia Pty. Ltd. 

31-41 Joseph Street 

Blackburn, 3130 

Tek: 89-6351 

Telex: 31024 MELB 

WESTERN 

AUSTRALIA 

Hewlett-Packard Australia Pty. Lid 

141 Stirling Highway 

Nedlands, 6009 

Tek: 3865455 

Telex: 93859 

AUSTRIA 

Hewlett-Packard Ges.m.bH. 

Wehlistrasse 29 

P.O. Box 7 

4-126 Vienna 

Tek 35-18-21-0 

Telex: 13582/ 135068 


BAHRAIN NOVA SCOTIA 
Medical Only Hewlett-Packard (Canada) Ltd. 
Wael Pharmacy P.O, Box 931 

P.O, Box 648 000 Windmill Road 
Bahrain Dartmouth 838 IL! 
Tol: 54888, 56123 Tel: (902) 469-7820 

Telex: 8550 WAEL GJ TWX: 610-271-4482 

A Hamidtya Trading and Coatrecting ONTARIO 

P.O, Box 20074 Hewlett-Packard (Canada) Ltd. 
Manama 1020 Morrisca Dr. 

Tol: 259978, 265058 Ottawa KZ 8x7 

Telax 6895 KALDIA GJ Tek: (619) 820-6483 
BANGLADESH TWO: 610-503-1039 

Tho Gasoral Electric Co. of Hewlett-Peorerd (Canada) Lid. 
Bangladesh Lid. 6877 Cocowey Drive 

Heanet House 72 Mississauga LAV ila 
Dikushs Commercial Area Tok: (416) 678-9499 


Motilhel!, Decca 2 
Tek 252416, 252419 
Telax: 134 
RBELGIUR 
Hoett-Packard Bonckin SAIHY. 
Aveawa du Cot-Vort, 1, 
(Groenkraaglaan) 
0-1170 Brugeels 
Tel: (02) 600 80 50 
Tolex: 24-494 palotes bu 
BRAZR. 
Hewlett-Packard do Braedd 

heG. Lida. 
Namede Rio Negro, 760 
Nphavills 
06400 Baruerl SP 
Tok 429-3228 
Hewlett-Packard do Bresd 

Le.C. Lida. 
Rua Padra Chagas, 32 
90000-Pdrte AlegreRS 
Tel: 22-2998, 22-6621 
Hewlett-Packard do Braed 

Le.C. Ltda. 
Av. Epitacio Pessoa, 4684 
22471-Rlo de Janalrofl 
Tek: 288-0237 
Telex: 021-21905 HPBR-BR 
CANADA 
ALBERTA 
Hewlett-Packard (Canada) Lid. 
11620A - 168th Street 
Edmonton T5M 319 
Tek (403) 452-3870 
TWX: 610-831-2431 
Hewlett-Packard (Canada) Ltd. 
210, 7220 Fisher St. SE. 
Calgary T2H 2H8 
Tek (403) 253-2713 
TWX: 610-821-6141 
BRITISH COLUMBIA 
Hewlett-Packard (Canada) Ltd. 
10691 Shellbridge Way 
Richmond V6X 2W7 
Tek (604) 270-2277 
TWX: 610-925-5059 
MANITOBA 
Hewlett-Packard (Canada) Ltd. 
380-550 Century St 
St. James, 
Winnipeg RH OY1 
Tet (204) 786-6701 
TWX: 610-671-3531 


TWH 610-482-4249 
Howieti-Packard (Canada) Lid. 
£42 Newbold Strast 
Leoidon Nes 235 

Tot: (519) 683-0181 


275 Hynes Bhs, 
Palate Gtalre HOA 167 
Tok (614) 87-4292 

TW: 610-422-4 

FOR CARABIAN 
AREAS NOT 

USTES: 

Contact Hoxtett-Packerd (Canada) 
Lidl. it Missionsugs, 

CHILE 

kage Caleagni y Cia. Lida. 

Arturo Burhls 065, 

Casilla 16475 

Coreo 9, Santlago 

Tel: 220222 

Telex: JCALCAGHE 
COLOMBIA 

lnstrumen 


tacion 
~ Henrik A. Langebaek & Kier S.A. 


Carrera 7 No, 48-75 
Apartado Aéreo 6287 
Bogota, 1D£ 

Tek: 269-8877 

Telex: 44400 
Instrumentacion 

HLA Langebaek & Kier S.A. 
Carrera 63 No. 49-A:31 
Apartado 54098 
Medeilin 

Tek 304475 

COSTA RICA 
Cientifica Costarricense S.A 
Avenida 2, Calle 5 

San Pedro de Montes de Oca 
Apartado 10159 

San José 

Tek 24-38-20, 24-08-19 
Telex: 2367 GALGUR CR 


CYPRUS 


Kypronics 

19 Gregorios Xenopoulos Street 
P.O, Box 1152 

Nicosia 

Tek: 45628/29 

Telex: 2018 


CZECHOSLOVAKIA 
Hewlett-Packard 

Obchodni zastupitelstvi v CSSR 
Pisemny siyk 

Post, schranka 27 

CS 11801 Praha 011 
CSSA 


Vyvojova a Provozni Zakladna 
Vyzkumnych Ustavy v Bechavicich 
CSSR-25097 Bachovice u 
Prahy 

Tel: 89 93 41 

Tolex: 12133 

Institute of Medical Bionica 
Vyskumny Ustay Lekarskaj Bioniky 
dledlova 6 

CS-2h6 Bratislava: 
Xramare 

Tek: 44-451 

Telarc $8229 
DENMARK 
Howlet-Packand A/S 

Datavet 62 

OK-62 Birkersd 

Tet (02) 61 69 0 

Telass 37409 hipaa dk 
Hewiett-Packard A/S 
Nevervei 1 

DK-E800 Slikeborg 
Tek: (02) 62 71 63 

Telex: 37408 hpas uk 
ECUADOR 

CYEDE Cia. Ltda. 

P.O, Box 6423 CCI 

Ay, Eloy Alfaro 1749 
Quito 

Tok 450-975, 243-052 

Telax: 2548 CYEDE ED 


Intemational Engineering Associates 
24 Hussein Hegazi Street 
Kesr-ebAini 

Cairo 

Tek 23 829 

Telax: $8830 

SAMITRO 

Sami Amin Trading Office 
18 Abdel Aziz Gawish 
Abdine-Cairo 
Tet 24932 


EL SALVADOR 
IPESA 


Bulevar de los Heroes 11-48 
Edificio Sarah 1148 

San Salvador 

Tet 252787 
ETHIOPIA 

Abdella Abdulmalik 

P.0, Box 2635 

Addis Ababa 

Tek 1193.40 


SALES OFFICES 


Arranged alphabetically by country 


FINLAND 
Hewlett-Packard Oy 
Revontulentia, 7 
F-02100 Espoo 10 
Tel: (90) 455 0211 
Telox: 121563 hawpa sf 
FRANCE 
Hewlett-Packard Franco 
Zone d'activites da Coutaboout 
Avenua des Tropiquea 
Boito Postale 6 

91401 Oraay-Chdex 


Tok: (1) 907 78 25 


TWX: 600048F 
Howloti-Packard Franco 
Chemin das Mozilla 
BP, 122 


09130 Eculiy 
Yak (78) 33.81 25 


TWN: S10817F 
Howlett-Packard Frense 

20, Chernin da La Copiéra 
31031 Toulouse 

Lo Miralt-Cédex 

Tok: (81) 40.11 12 

Hostatt Packard Franca 

Le Ligowes 

Place Rortéa do Villeneuva 
13100 Alxeon-Provence 
Tek: (42) 59 4102 

TWX: 4107708 
Heniett-Peckard France 

2, Allee da la Bourgonstte 
35100 Rennes 

Tol: (G9) 51 42 44 

TWX: 740012F 
Howlett-Packerd France 

1, rue du Canal do la Marne ° 
67200 Scniliighoim 
Tek: (88) 83.08 10 

TWX: 890141F 
Hewlett-Packard Franca 
Immouble péricentra 

tue van Gogh 

$9650 Villeneuve D'Ascq 
Tek (20) 91.41 25 

TWX: 160124F 


Hewlett-Packard France 

Batiment 

Rue de la Commune de Paria 

BP. 300 

$3153 Le Blanc Mesnil- 
Cédex 


Tel: (01) 91 88 50 
Teiexc 211032F 
Hewlett-Packard France 
Av. du Pdt, Kennedy 
38700 Merignac 
Tek (56) 97 01 81 
Hewlett-Packard France 
Immeubla Lorraina 
Boulevard de France 
91035 Evry-Cédex 
Tek: 077 96 60 

Telex: 6923 15F 
Hewlett-Packard France 
23 Rue Lothaire 

57000 Metz 

Tek (87) 65 53 50 


it 
wa 


GERMAN FEDERAL 
REPUBLIC 
Hewlett-Packard GmbH 
Vertriebszentrale Frenkturt 
Bemer Strasse 117 
Postfach 580 140 

0-6000 Frankfurt 56 
Tet: (08011) 50041 

Telex: 04 13249 hplim d 
Hewlett-Packard GmnbH! 
Technieches Biiro Béblingen 
Herrenberger Straesa 110 
0-700 Béblingen, 
Wilsttemberg 

Tek (07031) 687-1 

Telex: 07285739 bba 
Hontott-Packard Gmittl 
Techniscties dito Disseldost 
Emanyal-Levtze-Str 1 (Seestom) 
04000 Dilascldort 
Tok: (0211) 6971-1 

Telax: 085/88 533 hpdd d 
Hevrleit-Packard GmbH 
Techsisches Biro Hamburg 
Kapstediring 5 

0-2000 Hamburg 60 
Tok: (040) 63804-1 

Telex: 21 63 032 hohh d 
Hewlett-Packard GmbH 
Techaiaches Biro Hencover 
Ar Grosamerkt 6 

0-000 Hannover 91 
Tok: (0511) 46 60 01 

Telex: 092 3259 
Hewtett-Packerd GmbH 
Techniachea Biro Nimbeg 
Neumayerstrasse 90 
0-8500 NUrnberg 
Tel: (0911) 52 20 83 

Telex: 0823 660 


Hewlett-Packard GnbH 
Technisches Biiro Miinchen 
Egchenstrasse § 

0-8021 Taufkirchen 
Tol: (089) 61171 

Telax: 0524985 
Hewlett-Packard GmbH 
Technisches Biro Berlin 
Kaithstrasse 2-4 

0-1000 Berlin 30 

Tek (090) 24 90 86 

Telex: 018 3405 hpbin d 
GREECE 

Kostas Karayannis 

8 Omirou Street 
Athens 133 

Tek 32.90 303/32/37 731 
Telex: 21 59 62 RKAR GR 
GUAM 

Guam Medical Supply, Inc, 
Suite C, Airport Plaza 
P.O, Box 8947 
Tamuning 96911 
Tok 646-4513 
GUATEMALA 
IPESA 

Avenida Reforma 3-48 
Zona 9 

Guatemala City 
Tek 318627, 314788, 68471-5, 
oxt. 9 


Telex: 4192 Telotro Gu 


a 


a 


: sl = ert 
Bhevdeap 


HONG KONG - 
Hewlett-Packard Hong Kong Lid. 
11th Floor, Four Seas Big. 

212 Nathan Rd. ; 
Kowloon : 

Tok 3-697448 (5 fe 

Telex: 26878 HX 


Hong Kong ~ 
Tet: 5-455644 *. 

Tolex 74768 SCHMX HX 
INDIA © a 
Blua Star Ltd, =": * 
Sahas 


414/2 Yeeeah 
Prabhadevi 


Bombay 400 025 
Tok 45 78-87 

Telax: 011-4093. , 
Bue Star Lid. 
Band Box House... 
Probhadeyi 5. ip 
Bombay 40025; 
Tok 457301. vy 
Telex 011-375) 


Stack Road 
Ahmedabad 380 018 
Tok 43922 . 


Telex: 012-2045" ee 
Lard Star Ud * 


Hare Street * 
Cateutts fasen 
Tok 23-0131 t 
Tolex: 021-7655 | 
Ble StarLid, © i 
Bhandari House °° = + 
91 Nehru Placa 
New Delhi 110 024 
Tek 682547 ..» a" 8 
Telex: 0312483 .* : 
Bea Stari 
T.C.7/603 ‘Poornima'. 
Maruthenkuzhi *.” 


Trivandrum 695,013 
Tok 65799 


Gandh rau 
Cochin 682016 
Tek 22069 

Telex: 085-514 


Blue Star Lid. 

1-1-117/1 Sarojni Devi Road 
Secunderabad 5008 
Tot 70128 

Telax: 0155-459 

Blue Star Lid. 

133 Kodambakkam High Road 
Madras 600 (4 

Tet 82057 

Telex: 041-379 


SALES OFFICES 


Arranged alphabetically’by country (cont.) 


(ICELAND 
Medical 


Only 
Elding Trading Company inc. 
Hatnamvoii « ~ Trygavagatt 
P.O. Box 885 
\-Reykjavik’ 
Tok 158 20/1 63.03 
INDONESIA 
BERCA Indonesia P.T. 
P.O, Box 499/ Jkt: 
Jin. Abdul Muis 62: » 
Jakarta 
Tek 349255349868. - 
Telox;:48748 BERSIL IA 
BERCA laconasia PT. * 
P.O. Box 174/Sky. 
23 Jia. Jimerto 
Surabaya 
Tak 42027 : 
IRELAND’ < 
Heriet Paciard ba “er 


Dublin 12° ** 
Tee steccarstazed 
Toler 20439 fe 


Medical Only ° 
Gud Sarin tL 
romped * 


Dublin § Ere: 
Tek (01) 315820. 3 


ISRAEL ices = 


Via G. Di Vittorio, 9. = 


20063 Cernusco oa c 


Navigilo | Ons 


Te 


Hewlett Pichird achiey Spa 
Via Turazza, 14. 
35100 Padova- . 


10014 Roma... ...., 


Tot (08) 546961 
Telex 610516 
Het Packard an SpA 
Corso Giovathi Lanza 
#10133 Toririg. “a ff 
Tek (011) 659308 '* - 
Telex 221079 


Hewlett-Packard Haliana S.p.A. 
Via Principa Nicola 43 G/C 
195126 Catania" 

Tek (095) 37 05 04 

Telex: 970291 


Honiett-Packard Italiana S.p.A 

Via Nuova san Rocco A 
Capadimonte, 62 

20131 Napoll'~ 

Tek (081) 710698 ~ 

Hovatt-Packard Halisng SpA. 

Via Martin Luther King, 38/111 

0122 Bologna © 

Tek (051) 402304 

Telex: 511630 

JAPAN : 

Yokccawa-Hewlett-Packard Lid. 

20-21, Taksidotigashi 2-chome 
Sagnambe, Tokyo 16d. 

Te O2331-G111-. 

‘Tolax: 232-2024 YH-Tokya 

Yokogawacthiwkti-Peckerd Ltd. 

Chuo Bide, 4t Floor: 

4-20, Nizhineksjime S-chome 

Yodegawa-ku, Oreka-ahi * 

Osaka, 62. > 

Tek 06-34-2071, = 

Telex: 823-3624 2: 

Yokogaws Howtait-Packard Lid. 

Sentero Sime: Nagaya Bldg. 

14-2 Shimoszzejans-ch 


Nakamura-ku, 
Tek 062 S7.1;5171- 


Yokogawa Hemet Packard ud 
Tanigawa 
2-241 Tsursya-cho’. 


0, 
Nagoya, 450 


Yokohama, 21; 
Tok 045-312-1252 
Telex: 382-2204 YHP-YOK. 


Een ieaerged Ud 


Mito, beragi 310 | 
Tek 0292-25-7479. > 
Yokogawa Hewat Packard Li. 
Inoue Building 

13483, Asahi-cho, tchoma | 


Atsugl, Kanagawa 243 
Tek 0462-24-0452 


Kumagaya, Saitama 360 
Tek 0485-24-6563 - 


JORDAN . 


y 


Medical Only 
International Aeradio (EA) Ltd. 
P.O. Box 19012 


Nairobi Airport 

Nairobi 

Tek: 326055/58 

Telox: 22201/22501 

Medical Only 

etemational Aerada (EA) Lid. 
P.O. Box 95221 * 
Mombasa 


Tet 820-4122, 6121 * 
Tolax: SAMASAH 27724 


* KUWAIT 


AbKinakiiya Trading & Contrasting 
P.O. Box S0-Satat 
Kuwait 

Te: 424910748 1723 

Takea: 2481 Areog ki 
LUXEMBYRG 

Hendatt Packard Sonehiz SAHLV. 
Avenue Gu Col-Yer, 1 > 
(Groentreagizar) f 

6-1170 Brussels’ 

Tek (02) 60 5050 

Telex: 23 426 


MALAYSIA ; 


Kuala Lumpur 
489600, 485653 

Protel Engineering 

P.O. Box 1917 _. 

Lot 259, Sztok Road 

Kuching, Sarawak 

Tek 835445 - 

MEXICO 


Ay. Peritérica ‘Sur Ha 6501 
Tepopan, Xochimilco 
Mexico 23, DF.,, 
Tek: 905-878-4600 
Telex: 017-74-507 
Hewlett-Packard 

SA do CV. 
Rio Volga #600 
Col. Del Valle A 
Monterrey, NL. 
Tek 78-22-10 
MOROCCO 
Dolbeau 


81 rue Karatchi 
Casablanca 
Tek 304182 ° 
Telex: 23051/22822 


Gerep 

2, rue ¢Agadir 
Botte Postal 158 
Casablanca 
Tek 272003/5 
Telax: Bry 


MOZAMBIQUE 
AN. Goncalves, Lid. 

182, 1° Apt. 14 Av. D. Luis 
Caixa Postal 107 
Maputo 

Tek: 27091, 27114 

Telex: 6-203 NEGON Mo 


NETHERLANRS . 
Hevdatt-Packard Benolex NV. 
Van Heusen Goodharilasn 121 
P.0, Box 657 
11BIKK Aristelvean 
Tek (20) 47 2021 
Toles: 13218 | 
NEW rer 
Hasdati-Packird (HZ) Lis 
412 Chaickshienk sie 
Eitbimis, Wellington 
P.O, Baz $443 as 
Couticy Piece 
Wolllngion 
Tel: 877-199 
Hesdett-Packund (NZ) Ud. « 
P.O. Box 26-169 * 
103 Menctay Roed = * 
fee. Auckland 
ok 647-189 
ioc als Only 
Heihrop nstremante & 
Systems Lid, , DRE 
Shurdsa Haves 
85-97 Ghamss Street 
P.O. Box 2403 
Wellington ~ 
Tet 850-001 
Tetsx: HZ 31291 s 
Northrup Inetrumeats & 
Systems itd. % 
Eden House, 44 Khyber Pass a. 
P.O. Box $682, Newmarket 
Auckland 1 ; 
Tek 794-091 


Christchurch 

Tek 64-165 

NIGERIA 

The Electronics © > 
Instrumentations Lid 

N68/770 Oyo Road * 

Oluseun House 


Tel: 481577 

Telex: 31231 TENG _ 

The Electronics 
Instrumentstions Lid. 


144 Agege Motor Road, Mushin * 
P.O, Box 481 j 


Mushia, Lagos 
NORWAY 
Hewlett-Packard Norge A/S 
Ostendalen 18 

P.O. Box 34 

145 Osteraas 

Tek (02) 1711 80 

Telex: 16621 hpnas n 
Hewlett-Packard Norge A/S 
Nygaardsgaten 114 


Tek (05) 21 97 33 


PANAMA 

Electronic Baiboa, S.A 
Aparatado 4929 

Panama 5 

Cail Samuel Lewis 

Edificio “Alfa,” No. 2 
Cludad de Panama 
Tek: 64-2700 

Telex: 3483103 Curundy, 
Canal Zona 

PERU 

Compaitia Electro Médica S.A. 
Los Flamencos 145 

Son Isidro Casilla 1080 
Lima 1 

Tok 41-4325 

Telex: Pub. Booth 25424 SISIORO 
PAKISTAN 

Meehko & Company Lid. 
Gozman Chambers 

Abdullah Heroon Road 
Karacht3 

Tol: 11027, §12927 


“Torax: 2694 


Hushko & Company, Lid. 

10, Bazas Re. 

Sector 6-8/4 
tslamabad 
Tok 28264 
PHILIPPINES 
‘Tha Onling Advanced Systems 
Coxporation 

Rica Housa 

Ameraolo cor, Herrera Str, 
Legaspi Village, Makati 

P., Box 1510 s 
Metro Manila 

Tek 85-35-81, 85-34-91, 
85-32-21 

Telex: 274 ONLINE 
RHODESIA 

Field Technical Sales 

45 Kelvin Road North 

P.O. Box 3458 
Salisbury 

Tet 705231 (5 lines) 

Telox: RH 4122 
POLAND 

Biuro Informacji Techniczne 
Hewlett-Packard 

U Stawki 2, 6° 

PLOO-950 Warszawa 
Tok 39 59 62, 39 51 87 
Telex: 81 24 53 
PORTUGAL 
Telectra-Empresa Técnica de 

Equipamestos Eléctricos S.a.L 

Rus Rodrigo da Fonseca 103 
P.O, Box 2531 

P-Lisbon 1 

Tet (19) 68 60 72 

Telex: 12598 

Medical Only 

Mundinter 

Intercambio Mundial do Cométcio 
Sarl 


P.O, Box 2761 

Avenida Antonio Augusto 
de Aguiar 138 
P-Lisbon 

Tek (19) $3 2131/7 
Telex: 16691 munter p 


PUERTO RICO 
Hewlett-Packard Inter- Americas 
Puerto Rico Branch Office 

Calle 272, 

#203 Urb. Country Club 
Carolina 00630 

Tet: {809) 762-7255 

Telex: 345 0514 

QATAR 

Nasser Trading & Contrecting 
P.O. Box 1583 

Doha 

Tek: 22170 

Telex: 4439 NASSER 
ROMANIA 
Hewlett-Packard Reprezentanta 
Ba.n. Balcescu 16 
Bucuresti 

Tek 15 60 23/13 88 85 

Telex: 10440 

SAUDI ARABIA 
Modem Electronic 
Establishment (Head Office) 
P.O. Box 1228, Baghdadish Street 
Jeddah 

Tek: 27 798 

Telex: 40005 

Cable: ELECTA JEDDAH 
Modem Electronic Establighmeat 


P.O. Box 2728 
Riyadh 
Tek 62596 /68232 
Telex: 202049 
Modem Electronic Establishment 


(Branch) 
P.O. Box 193 
Al-Khobar ‘ 
Tek: 44878-44813 
Telex: 670138 
Cable: ELECTA AL-KHOBAR 


SiNGAPORE 


Singapore 9115 

Tek 631788 

Telax: HPSG AS 21486 

SOUTH AFRICA 

Hewlett-Packard South Africa 
(Pty.), Lid 

Private Bag Wendywood, 

Sanding, Transvaal, 2144 

Hewlett-Packard Centre 

Daphne Street, Wendywood, * 

Sandton, 2144 

Tet: 602-5111/25 

Telex: 84782 

Hewlett-Packard South Africa 

id. 


Pina Park Centre, Forest Drive, 
Pinelands, 

Cape Province, 7405 

Tet: 53-7955 thru 9 

Telex: 57-0008 


SPAIN 

Herlett-Packerd Espafola, S.A 
Calla Jerez 3 

EMadrid 18 

Tek (1) 458 26 00 (10 lines) 
Telex: 23515 hpe 


Edificio Jebaa 


“clo Costa Brava, 13 


Madrid 4 
Hewlett-Packard Espatiola, S.A. 
Milanesado 21-23 
EBarcelona 17 

Tek: (3) 203 6200 (5 lings) 
Telox: §2603 hpbe @ 
Hewlett-Packard Espafcla, SA. 
Av Reméa y Cajal, 1 

Edificio Seville, planta 9° 
ESevilla 5 

Tok 64 44 54/53 
Hewlstt-Packesd Espaitola S.A 
Edificio Albia 7° B 
EBlibao 1 

Tet 23 83.08/23 82.08 - 
Howlott-Packerd Espato'a SA. 
C/ Remon Gordita 1 (Esti) 
EVatoncia 10 

Tet 96-361.13.54/261. 13.53 


Khartoum 

Tek 44048 

Telex: 375 

SURINAM. __ 
Surtel Radio Holland NV. 
Grote Hofst. 35 

P.O, Box 185 
Paramaribo. ...;, 
Tok 72118, 77880 
SWEDEN . 
Hewlett-Packard Sveriga AB 
Enighetsvigen 3, Fack . ’ 
$161 Bromma 2 
Tek (08) 730 05 50. 

Telex: 10721 

Cable: 


Stockholm 

Hewiett-Packard Sverige AB 
Frotalisgatan 30 

$4212 Vastra 
Frélunda 

Tek (031) 49 09 50 

Telex: 10721 via Bromma office 


SWITZERLAND 
Hewlett-Packard (Schweiz) AG 
Zircherstrasse 20. 

P.0.Box307 

+6952 Schileran- 
ZUrich 

Tek (01) 7905240 

Telex: 53933 hpag ch 

Cable: HPAG CH sieray 
Hewlett-Packard (Schweiz) AG 
ChiteauBloc 19°. 

GH1219 Le Ugrion- 
Genava 

Tet: (022) 96 03 22 

Telex: 27333 hpagch 

Cable: HEWPACKAG Geneva 
SYRIA. 

Gancra! Rleciroric re. 

Nuri Basha-Ahost Eba Kays Street 
P.O. Box 6781 

Damascus © 

Tek © 24 67 

Tolan: 11215 TAL 

Cubls: ELECTRGBOR DAMASCUS 
Medical ony 
Sarah & Ce, 
Plees Aud... 
BP. 2203 & 
Dermascus .- 3 
Tek 16 267-19 637-14 268 
Telex: 11304 SATACO SY ; 
Cable: SAWAH, DAMASCUS. 
Scloiman Hil El Mlewi- - 

P.O. Box 2528 3 = 
Memo Bitar Street, 58-68. .. 
Darnaacus . .; 

Tok 1148 63 

Telex 11270. - 

Cable: HLAL DAMASCUS 
TAIWAN -: 
Hewlett-Packard Far East Lid. © 
Taiwan Branch 

Bank Tower, Sth Flat 

205 Tun Hau North Road *- 
Taipei 

Tet (2 751-0404 (15: ins) 
Hewlett Packard Far East Lid. 
Taiwan 

68-2, Chung Cheng ord. Road. 
Kaohsiung ** 

Tet (07) 242318-Kaohsiing 


Analytical Only” 

San Kwang instruments Co; Ud 
20 Yung Sui Road =” 
Taipei bias 

Tet 2615446-9 (4 fines)’ 

Telex: 22894 SANKWANG * 
TANZANIA . 3 


Medical Only 

Intemational Aeradio (EA), Ud. 
P.O. Box 881 

Dar es Salaam“ 

Tek 21251 Ext. 265 

Telex: 41000 * 


THAILAND 


2538 Sukumvit Ave... 
Bangchak, Bangkok 
Tok 90-32-387, 39-30-338 - 


SALES OFFICES 


fe 


_ Arranged. alphabetically, by country oon, ) G 5 


TRINIDAD & 
TOBAGO 
CARTEL 


Caribbean Telecoms Ltd. 
P.0, Box 732 

69 Frederick Street 
Port-of-Spain 
Tel: 


31 Aveava de Is Liberte 
Tunis 

Tek 260144. 
Corema 

1 tor. Av. de Carthage 
Tunis : 
Tok 253 821 


“Telos: 12819 CABAL TH 
TURKEY. 


TEKNIM Company Lid. 

Riza Sah Pehievi © °° = 
Caddegi No. 7 - 

Kavekider, Ankara 
Tok: 275800. - 

Tolex: 42185 

Tolnis Com, Lid. . 
Bsroares Butvaii 65/12 
Scsizyas, Istanbul - 
Tak 619 543 


Madina Elden Sekak 41/6 
Yokset Caddesi -- i 
Ankara’ 
Tek 17 59 22 


Yilmaz Ozyurek 
Milli Mudataa Cad Ta 
Kizilay 


Ankers ay 
Tek: 25 03.09 17 80.28 
Telex: 42576 OZEX-TR ° 
UNITED ARAB 
EMIRATES ; 


Sharjah — 

Tek 354121/3° - 
Telex: 8138° °° oS 
Ene sO 
P.O: Box 2711 

Abu Dhabi 

Tek 331370/1 ° 


UNITED KINGDOM. 
chard Lid... 


Tek: (0734) 784774 
Telex: 8471 78/9 B 
Hewlett-Packard Lid st 
Fourier House, 

257-263 High Street 
London 


Comey yo 
St. Albans, Herts ..,- ,, 


GB-Enoland 
Tek (0727) 24400 ss 
Telax: 1-8952716 


Hewlett-Packard Ltd." “1 
Trafalgar House 
NavigationRoad - 
Altrincham 
Cheshire WA14 (NU. 
GB-England- .- « .- 
Tek: (061) 928 6422 .: 
Tetox: 688068, 2); 
Hevdett-Packard Lid.” 
Lygon Court: . 
Herewerd Rise 

Dudley Road 
Halesowen, 

Woet Midlands, B82 8SD » 


GB-Englond , : 
Tok (021) $01 1221 .- 
Teor 39105 +, 
Hesdett-Packard Lid.’ 

Viedgs Housa ? 

789, London Road ‘ 
Thornton Heath. 
Surrey, CR4 6X1, 

CB-Englard 

Tet (01) eel 

Telex: 946825 
Hewti-Packard ud. 

14 Wesley St ‘ 
Caatloford,.,.r . 
Yorks WRIQIAE =. 
Tei: (0977) $50016 

TWK: S557335 = 


SL Mary's Wek be 
Maldenhead 
Berkshire, SLB. ala 
GB-Englend 


95A Finaghy Rd. Sout’ * 
Belfast 8710 08Y 
G8-Northert ireland 
Tek (0232) 625568 
Telex: 747620~ 
Hewlett Packard (ld 
South Queensferry 
West Lothian, exo TG 
GBScotland © 

Tok (031) 331 1188 

Telex: 72682°° 
UNITED STATES, 
ALABAMA 5 
700 Century Park South, Suite 
128 

Semin 4208. 

Tek (205) 822. 

P.O. Box ig ey 
8290 Whitesburg De, 
Huntavill@. 35002 
Tek (205) 881-4591" ° 


ARIZONA 

2336 E. Magnolia St. 
Phoenix 850% 
Tel: (602) 273-8000 
2424 East Aragoa Rd: 
Tucson 8703 
Tok: (602) 273-8000 


“ARKANSAS | 


Brady Station” = 
Little Rock 72215 
Tet: (501) 378-1044 
CALIFORNIA . 
1579 W. Shaw Ave... 
Freeno M771 5 +: 
Tet (206) 224-0582 5 
1430 East Orangathorpa Avo. 
Fullerton 92631" 
Tel: (714) 870-1000 ° 
5400 West Rosocrana Blvd. 
P.O. Box92105- + * 
World Way Postal Center 
toa Angeles 0009 
Toi: (213) 970-7600 Ss 
TWX: 919-325-6608 ~~ 
4939 Lankershin Boulevard 
North Hollywood 91604 
Tek (213) 877-1282" 
TWH: 910-409-2071 
200 Hillview Av” 
Pato Alto, CA 94304 - 
Tol: (408) 988-7000 
048 W. North Market Blvd. 
Sacramento 95634~ 
Tek (916) 929-7222 
9608 Aero Drive . 
P.O. Box 23333 ss 
San Diego 92123 
Tet: (714) 279-3200 
383 Brookhollow Or, 2% 
Santa Ana, CA 92705 
Tok (714) 641-0977 
3003 Scott Boulevard = * 
Santa Clara 95050 
Tek: (408) 988-7000 « 
TWX: 910-338-0518 "s+ 
So. San Francisco 
94080 : 


Tek: (415) 877-0772 2 ne 
‘Tarzana ~ > 
Tek: (213) 705-9344.” 
COLORADO. 
5600 DTC Parkway - a 
Englewood 

regan ks 


SALES OFFICES 


Arranged alphabetically by country (cont.) 


im 


® 
a 


Tek: (509) 535-0064 


4 EAN 
CONNECTICUT LOUISIANA NEW MEXICO PENNSYLVANIA ‘WEST VIRGINIA MEDITERRAN 
47 Bares Industrial Road P.O. Box 149 P.O, Box 11634 12th el = Mascaras is patie 
Wen Sesh ae Kener on Kine cre ia 19408 Charleston 25304 SHOWN, PLEASE 
‘allingtord 06492 Kenner 70062 11300 Lomas Blvd, NE. King of Prussia jarle ONTACT: 
Tek (203) 265-7801 Tek (504) 443-6201 Albuquerque 87123 adi esti Tek: (304) 925-0492 aoe ay An 
FLORIDA MARYLAND Tot; (605) 292-1300 : WISCONSIN : ; 
P.O. Box 24210 7121 Standard Driva THX: 910-989-1185 111 Zeta Drive 150 Seath Sunny Slope Road leis tnd Middle East 
2127 NM. 62nd Street Parkway Industriel Center 158 Viyatt Drive Pittsburgh 15228 Brooktleld 53005 iad oe 
Ft. Lauderdale 3309 = Hanover 21076 Las Cruces 68001 Tel: (412) 782-0400 Tek: (414) 784-8800 Plata Ketalariow 
Tek: (305) 973-2600 Tek: (301) 796-7700 Tok (505) 526-2484 SOUTH CAROLINA FORU.S. AREAS GAKfssit-Athons, Greco 
4090 Woodcock Drive #122 TWX: 710-882-1943 TWX: 910-983-0550 P.O. Box 6442 NOT LISTED: Tet 2090059/429 
Grownett Building 2 Choke Chery Road NEW YORK 6941-0 . Trenholm Rosd Conisct the regional offica Telsx: 21-6583 
Jacksonville 32207 Flockville 20350 8 Automation Lana Columbia 29203 nearest YOR Cable: HEWPACKSA Athens 
Tek: (904) 368-0689 Tek: (301) 948-6370 Computer Park Tek: (263) 782-483 Atianta Greng..LOS OS ALIST 
P.O. Box 12910 TWX: 710-828-9884 Albany 12205 TENNESSEE Cita. Baraavie Nes COUNTRIES NOT 
8177 Lake Elence Dr. MASSACHUSETTS —_ Tet: (510) 458-1550 8906 Kingston Pika “1, fiallizg | == © SHOWN, PLEASE 
Orlando 22209 32 Hartwell Ave TW 10444-4981 Knoxville 37919 Mondowa, liza Tes ~ CONTACT: 
Tok (305) 859-2900 Lexington 02173 650 Perintoa Hill Offica Pari Tok (415) 691-2371 saat asters > iHowtett-Packon! Geam.b.H. 
P.O. Box 12828 Tet (617) 881-8960 Fairport 14450 S070 Dieeztors Boxe peat ecb Hasdalaked 52 
Suit §, Bldg. 1 TWX: 710-228-6906 Tek: (716) 223-9050 Directors Squero laa de 2.0, Bex T 
Office Park North MICHIGAN TWX: 510-259-0092 Ramphis 22131 bintet aut 41205 Vienna, Austria 
Pensacola 22575 23855 Research Drive No. | Pesasytvenia Plaza Tok (301) 348-8370 Ravedesiati Ottes Te: (0222) 45 16.21 to 27 
Tek (904) 476-8422 Farmington Hil!s 43024 §5th Floor “Neskviile usse — . Csbla: KEWPAK Vienna 
110 Sovth Hoover Bird. Tok (313) 476-8400 34th Strect & 8th Avanos _Ueatical Service Os'y Pesroely Boclerard 4/tTxo 1g TORE 7HAGhoepek a 
Suite 120 724 West Centro Ave. New York 10001 Tet (618) 244-Sice Moscow 101009 OTHER AREAS NOT 
Tampa 33609 Kalamazoo 4902 Tek: (212) 977-0800 TEXAS Tet 294.2024 LISTED, CONTACT: 
Tek (813) 872-0900 Tok (616) 323-8362 £859 East Molloy Road 4871 Rorth Mesa Telos: 7225 hayek es Howse Pectard Intercontinental 
GEORGIA MINNESOTA ae. ‘oid Sateci19 URUGUAY baad tay! nig oe si 
P.O, Ba 108008 2400. Pir Ave ae ty tpl Patio Fereido SAGA Te: (15) 58 1801 
{Soleterstae North Parkwey St. Paul 55113 1 Crosarsaya Pork West ot (815) 889-954 Avenida es 2577 reeearaisay 
Atlanta 0348 Tot: (812) 638-0700 Woodbury 11797 P.O. Bax 42816 Cacia do Coirea 370 Cate HEWPACK Palo Alo 
Tok (404) 956-1800 Tet: (510) 921-0200 10525 Haren St Montovides : 
TWX: 810-768-4890 MISSISSIPPI 7” iE Telex: 034-8300, 004-8493 
402 N. Mart Plaza TWH: §10-221-2183 Houston 703 Tet 40-3102 
Medical Service Only Jackson 2208 Tek (643) 671-7400 Tot: (713) 778-8400 Telox: 702 Pubte Booth Haslett Packard S.A 
‘Augusta 3903 Te: (601) 982.4383 NORTH CAROLINA — ‘Lubbock Para Peblo Feranda ah ted 
Tek (404) 736-0592 MISSOURI 5605 Roanne Way Madical Servica Only VENEZUELA CH1217 Meyin2- Geneva 
P.O, Box 2103 11131 Colorado Ave. Greensboro 27409 Tek (608) 790-4472 Hewltt Packard de Vereruela CA co 
11721. Devs Drive Kansas City catsr ‘et (919) 852-1800 P.O. Bex 1270 .0, Box 50883 acne th 
se NEB ex ane) 7838000 OHIO 201 Arapaho Rd Caracas 105 Cable: HEWPACKSA Geneva 
Tok (912) 922-0449 TWX: 910-771-2087 Madical Computer Onty Richardson 75081 Los Ruices Norte Telex 2 24 88 
HAWAII 1024 Executive $920 Carver Road Tet (214) 231-6101 a Transversal 
2875 So. King Street St. Louls 63141 Mean ory 205 Billy Mitchell Road Edificio Segre 107 “Service Only 
Honolulu 9828 Tek: (314) 878-0200 ek (513) 691. c San Antonio 78228 Caracaa 10-80 
Tek (608) 955-4455 enadaca robes ace prs Tek (512) 434-8241 Loker hid lore 
ea Medical Oy rest) 200730 UTAH hpcls 
211 Prospect Rd. 7101 Mercy Road TWX: 810-423-9430 2100 South 2270 West Steet YUGOSLAVIA 
Bloomington 61701 Suite 101 Salt Lake Clty 84119 Commerce, .so.0. 
remecas Grates Ce gelato 
S20 Tolvien Tet: (402) 302-0048 Tek (614) 438-1041 VIRGINIA YU 11000 Beograd 
Rolling Meadows NEVADA x0 Rd. P.O. Box 9669 Tek 636-955 
co00e ‘Las Vegas haat 2914 Hungary Spring Road Telox: 11530 
Tet (312) 56-0000 Tot (702) 736-6810 Tot (619) 859-8202 Richmond 22228 lig Cuan aan 
Les Sap NEW JERSEY Tek (804) 285-431 
f , OKLAHOMA Zastopstvo Hewlett Packard 
INDIANA 4 Crystal Brook Professional Balding 5.9 ‘52, anon Computer Systems/Medical Only ixlosiceva 38/1 
7301 North Shadeland Avo. Route 35 601. Aveme Airport Executive Center YU-61000 Ljubljana 
_{ndlanapolis 46250 Eatontown 07724 patth etc City 7ar2 Suite 302 Tet 221-674, 315879 
Tek (317) 842-1000 Tet: (201) 542-1384 £200 $700 Thurston Avenue Telex: 31583 
TWX: 810-260-1797 Tek (405) 721 Virginia Beach 255 
W. 120 Contury Re. 020 E. d2nd Street irginia Beac! 
lOwA Paramus 0762 aa Tek (004) 460-2471 ZAMBIA 
ioe city soi Tek: (201) 285-5000 Tulsa 74145 WASHINGTON Ls far Ltd 
¢ 710-990-4951 Bollefield Ctfice 0. 
Tek (319) 351-020 bac Tet (18) 688-ca00 oR ILGE Lusaka 
‘KENTUCKY OREGON og Bellevue 96004 Tek 73783 
10170 Linn Stati Road 17690 SW, Lower Boones Fey tes (20g) 454-3071 
“Suite £25 Soot rene TWX: 910-443-2448 
Louisvitte 42223 Pees P.O. Box 4010 
Tet (602) 428-0100 ‘ Spokane 9202 


Sed 


2 


a 
A : 
é 
Ww be 
4. . aoa < 
” me : 
me “ Ota AT 


2 
eee : 


ue a 
efish eee, 
ae 
ny “ 
3 ae 
> 
AD AE 
eset BOG. sob 2 
5 PEMA ARO 3: 
aa fr, 
or * 
: OF Sees 
re an 
GES ea ss. ae 
: wee, 
* emi 
S a 
ss Shen 
me Soadbas ke Be a ; 
. “tig tee avy 
YS Sandi 


